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Graph Shows Long Term Stability To Be Better Than 


The Johns Hopkins University Precision X-Ray Labo- 


ratory recently tested the stability of a Model N-401 


Regulated High Voltage Power Supply for a period of 


hours. 
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per million as shown 


oltage 


was constant within 


+1.5 part 


by the graph. The power sup- 


ply was in use approximately 2000 hours and tested in 


an ambient temperature of 24.00° +0.05° centigrade. 
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The Model N-401 is a new concept in regulated power 
supply design — it provides up to 5 MA of current and 
negative or positive DC voltage — continuously variable 
from 500 to 1800 volts 


Unmatched stability against line change; less than 
0.003% per volt — Regulation, 0.0025% per MA @ 1000 
volts — Output impedance, 2.5 ohms 


Low noise and ripple; less than 1 MV RMS 


Designed for use with scintillation and proportional 
counters or for general laboratory use — anywhere the 


uitimate in stability is required at a reasonable price. 
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Our Undersea Editor 


Being able to combine avocational en- 
with 
only produces a happy man, but brings 
This is the case with 
News Editor 
Kenton, who, calling himself a “frus- 


thusiasms vocational duties not 
bonus to his outfit. 


NUCLEONICS’ peripatetic 


trated naval architect,”’ keeps up-to-date 
on the world’s ocean liners, and studies 
piloting and navigation as hobbies, while 
seeing that we stay abreast of maritime 
developments with prize-winning storves 
like last July's pre ce on the nuclear navy. 
Here is his report on a one-day cruise 
aboard the nuclear submarine Seawolf 
last month. 

Boarded Se awolf 0730 at 
Boat dock. 
Other two-thirds of 
Nautilus and Skate, 


Electric 
Sunny day, mild breeze. 
fleet, 
nearby 


nuclear 


moored 


\ ea 
_ 


ROVING editor finds reader at bottom of 
sea 


De- 
parture signaled by blast of deep- 
throated steam whistle 
priate to Queen Elizabeth than to wispy 
“OSO] 

turbines” 
entry in ship’s log. Phrase less dra- 
matic than Nautilus’ first 
signal ‘‘underway on nuclear power,” 


having new sonar gear installed. 


more appro- 
silhouette of a submarine. 


underway on main read 


historic 
but very idea of turbines on a sub- 
marine tells story. 

Proceeded swiftly down gray Thames 
with conventional 
sub Croaker between Fisher’s I. and 
Montauk Point. When time for first 
dive neared, Navy officers, with rare 


river for exercises 


tact, suggested to press party cluttering 
up foredeck: ‘Coffee is 
served in the 
down hatch from 
battleship-gray deck into unexpectedly 
airy, pleasant brightly-lit wardroom 
much like Alice in Wonderland follow- 


finding living 


now being 


wardroom.” Going 


ship’s forbidding 


ing rabbit down hole, 
room at bottom. Here, too, wonder- 
land at bottom. Or M. 


Jules Verne’s Nautilus. 


Aronnax on 


Happy discovery: long row of recent 
NUCLEONICS issues only periodical on 
shelves of ship’s technical bookcase 
in turbogenerator compartment (see 
photo). 

Most impressive among many im- 
pressive things noted: palatial habita- 
bility, smoothness of movement, re- 
liability of power plant, flaming en- 
thusiasm and confidence of officers and 
men in sodium-cooled reactor systems. 

Habitability 
tanks makes Seawolf almost 


elimination of main 
fuel-oil 
twice as roomy as conventional sub of 
similar length (although she does 
carry oil for emergency diesels with 
20,000-mi range). This 


vorld’s undersea 


permits not 


only only electric 


organ, 100-disk jukebox, wide-screen 
movie, TV set; traditional submarine 
compactness moderated by general 
spaciousness and roominess most un- 
expected in Allowance 
made for functional nature of Seawolf 
imposed by her duties, her interior 
compares to that of a World War II 
sub as Ile de France to a tramp freighter. 
Liveability a keynote of décor: soft 
fluorescent lighting, pastel-toned com- 
partments (‘‘to avoid getting the bulk- 


submersible. 


head stirs,’ said Navy man), aircon- 
ditioning throughout, pale-green plastic 
mattress covers in men’s bunks. Re- 
enlistment rate high. 

Smoothness ship moves in complete 


silence. No vibration. Slight feeling 
of ship banking felt in soles of feet on 
180 can’t tell if 


surfaced or moving or 


turns. Otherwise 
submerged, 
moored. 
Reliability 
with superheater, Seawolf has logged 
over 38,000 mi on nuclear power. No 
Re- 
actor compartment has not been en- 
**No other reactor 
in world this,”’ soft- 
spoken Skipper Laning. Seawolf holds 
record for longest time underwater, 16 


Since early troubles 


hitches, no leaks, no adjustments. 


tered in 16 months. 


can say 


says 


days. Finally surfaced only because 


‘we ran out of sea.” 


Control Special 


The 32-page special report on power- 
reactor control that is the main feature 
of this issue pretty much speaks for 
So with a vote of thanks to the 
authors who contributed to it 
kudos to Associate Editor Hoby Ellis 
who carried the main responsibility for 


itself. 
and 


the report we urge you to turn to p. 61. 


The Editors 
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Coming Features in 
NUCLEONICS 


Next Month 

Reactor Maintenance 
Scintillation Counting Today 
Upping EBWR’s Output 


Later Months 
Nuclear Rockets 

Fuel Cycles 

Principles of Stellarators 


Transistorized Spark Counters 





BeW Experience 
Assures Quality 


More Than 1500 Fuel Elements 
Supplied to Nuclear Industry 


In the design and operation of a nuclear 
reactor, there is nothing more reassuring 
than the knowledge that the products used 
in the reactor system are of the highest 
quality obtainable. This is particularly true 
of the fuel elements, which are the heart 
of the reactor. 

Since entering the field of fuel element 
fabrication with the first privately financed 
facility for this purpose in the United States, 
B&W has supplied more than 1,500 fuel ele- 


ee 
«WHCOX | 


Bi 
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ments to more than a dozen reactor installa- 
tions, both in this country and abroad. 
B&W pioneered in the manufacture of 
fuel elements for export containing uranium 
metal enriched to 20 per cent in U-235. 

The manufacture of fuel elements at B&W 
is supported by almost 100 years of related 
experience, 

Direct your inquiries to The Babcock 
& Wilcox Company, Boiler Division, 161 
E. 42nd Street, New York 17, N.Y. 


oP 5, NMC 
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BOILER 
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FOR THE POWER SYSTEMS OF TOMORROW 





@ The Engineering Test Reactor, a 
175,000-kw nuclear reactor which 
went critical in September, is now 
being used for the testing of re- 
actor components. The ETR con- 
tains the most advanced facilities yet 
devised for environmental studies 
of various fuels and other reactor 
materials under varying nuclear re- 


4 








Under L&N controls, the ETR puts 
reactor components on trial 


Written by R. N. Brey, in charge, 
Nuclear Systems Group, for this advertisement. 


actor pressures, temperatures, and 
amounts of radioactivity. Results 
of the tests are helping to deter- 
mine the most efficient and eco- 
nomical reactor designs for the 
power systems of tomorrow. 


Versatile controls required 

The design of the ETR required a 
versatile control system that would 
do its job dependably under many 
conditions. Instruments were needed 
to provide information on a very 
large number of parameters, quickly 
and accurately. Controls for the 
ETR were planned by Leeds & 
Northrup as a single, coordinated 
system that would assure maximum 
precision and flexibility. 


A six-channel system 
The reactor is controlled through 


six different channels. One, a pulse- 
counting channel, measures and 
controls power rise from the low 
level at start-up. As the power 
passes to higher levels a “log 
N-period” channel measures the 
rate of rise, and a servo channel 
maintains the reaction at preset 
operational levels through a feed- 
back loop. A process-monitor chan- 
nel controls water flow, tempera- 


tures, pressures and other sys- 


Continued on page 97 
on 


NORTHRUP 


Automatic Controls « Furnaces 


Instruments 
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For America’s 
largest all-nuclear 
power plant 


Commonwealth Edison's 
Dresden Nuclear Power Sta- 
tion near Chicago, scheduled 
for completion by mid-1960. 
This $45,000,000 project will 
be the country’s largest all- 
nuclear power plant. 


44 MILES OF ZIRCONIUM TUBING 


being processed by Mallory-Sharon 


To form fuel rods, cylindrical pellets of UOz 
are inserted in Zircaloy tubing. Tubes are 
sealed and welded, then assembled into “bun- 
dles” to form the rod-type element (inset). 


Here you see a striking example of zirconium’s place in nuclear power 
...and of Mallory-Sharon’s leadership in zirconium production 
and technology. 


The largest order ever placed for zirconium tubing—almost 44 miles 
of it—is now being processed by Mallory-Sharon, in conjunction with 
Bridgeport Brass Co., for the Dresden Nuclear Reactor. Made of 
reactor-grade Zircaloy-2, %«” diameter and 42” wall thickness, the tub- 
ing must meet rigid tolerances... pass special pressure, sonic and 
corrosion tests. Fabrication of fuel elements is by the Atomic Power 
Equipment Dept. of General Electric, at San Jose, California, designers 
and builders of the Dresden Station for Commonwealth Edison. 


As the largest integrated producer of zirconium, titanium and special 
metals, we invite you to write for information on either reactor-grade 
or commercial grade zirconium. Our Service Engineering group is ready 
to work with you now on either nuclear or commercial applications. 


Write for new booklet, “Technical and Application Data on 
Zirconium and Hafnium”. 


MALLORY Ms) SHARON 


MALLORY-SHARON METALS CORPORATION + NILES, OHIO 


Integrated producer of Titanium © Zirconium ¢ Special Metals 
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THE CARBORUNDUM METALS COMPANY 


ONE experienced 

source of supply for 

Zr sponge...Zr ingot 
-ooand now 


HE REACTOR DESIGNER: This new development in 
zirconium supply means that the superior and versatile 
qualities of this metal are available now for 


incorporation in the design of all types of nuclear reactors 


HE CHEMICAL PROCESSING ENGINEER: 
Zirconium tubing ordered from one integrated 
manufacturer means that the super-corrosion 
resistance of this metal to either acids or caustics can 


be put to work in your systems today. 


“MORE Zr FACTS"”...This publication, the 
industry's first continuing source of technical information 
is distributed by Carborundum Metals free of cost. 

A post card mailed today will place you on the mailing 


list to receive the next issue. 


7 


} 





ZIRCONIUM TUBING manufactured to your specifications 
at a fixed price with guaranteed quality —another giant 
stride in the zirconium industry by Carborundum 
Metals. Orders for tubing are now being taken directly 
by Carborundum Metals where fabricating details are 
completely supervised for the end-user by working directly 
with highly qualified tube fabrication specialists. 


CARBORUNDUM METALS is an immediate source for 
your requirements in welded or seamless zirconium tubes, 
zirconium sheet, strip, bar, rod, wire, and foil. 
Commercial and nuclear grade certified zirconium ingots 
are ready for delivery in volume as are zirconium 
alloy ingots and sponge metal for open market use. 


tubing 


FIRST by Carborundum Metals —- AGAIN! 


The 44” dia. x 13’ Zr pressure tube shown 
here was made for use in a pressurized heavy 
water atomic reactor. This tube is 
the first of its size ever offered at a fixed 
price with guaranteed quality. 


Write today 


for latest price schedules and data 
sheets on all zirconium products. Address 
all inquiries to Dept. 91-87. 


THE CARBORUNDUM METALS COMPANY, Akron, N.Y. 
Division of THE CARBORUNDUM COMPANY 


... Production Pioneer of ZIRCONIUM 


CARBORUNDUM 


REGISTERED TRADE MARK 





linear micro-microammeters 


Model 410 has 20 ranges from 10°! to 
10°° ampere. Features include zero 
drift of less than 2% of full scale per 
24 hours. Accuracy: 2% of full scale 
on 10° to 10°° ranges, 4% on other 
ranges. Fast response; no switching 
Model 420 transients. (Model 411 with fewer 
ranges and less drift also available.) 


NEWEST, MOST COMPLETE L/NE OF PROVED... 


Period Amplifiers 


AND 


MICTO-MICTOAMMOLALS —ccnncrmees noses 


The 410-C furnishes economical con- 

‘ae : E trol or alarm circuitry. A meter-relay 
Stability and fast response are provided at modest cost in these with adjustable contact replaces the 
panel meter. 5-ampere contacts are 
brought out through an AN con- 
a wide variety of nuclear and research applications. Each model nector. (Model 411-C also available.) 


Keithley instruments. Several hundred units are now in use in 


combines advanced circuitry with simplicity and _ reliability. 


Complete data will be sent promptly on request. 





* Model 420 
LOG N AND PERIOD AMPLIFIER 


THE 420 is a dual monitor of power level and reactor 


period. It measures current from 10°!% to 10° ampere and 
aie ° logarithmic models 
positive or negative reactor period from 30 to three seconds. 

The 412 Log n Amplifer has a large 
single scale, measuring 10°!° to 10°7 
amp. with no range switching. Other 
Other features include five-second recovery from overloads, features include zero drift within 0.05 
decade in 24 hours, fast response and 
low output noise. (Model 413 with 10°! 
to 10° ampere range also available.) 
$2960.00 $465.00 


Zero drift is less than 0.05 decade in eight hours; response 
speed is adjustable over a wide range. 


self-calibration, and separate outputs from remote meters and 


recorders. (Contact-meter models also available.) 








KEITHLEY INSTRUMENTS, INC. 
12415 Euclid Avenue «+ Cleveland 6, Ohio 
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INGENUITY 


has made KE the experienced 
leader in nuclear projects 


The Engineering Test Reactor, Food Irradiation Reactor, 
Hanford Production Reactors, Aircraft Nuclear Propulsion 
Testing Facilities—these represent some of the nuclear 
energy projects performed by Kaiser Engineers. In each 


case, KE ingenuity produced efficient, lower cost facilities. 


KE’'s Nuclear Engineering Division has the highly 
aagineerinn testibenstér. aaatidtnaor specialized skills and experience required to undertake 
Testing Station, idaho. Designed and built 


KE 


complete design and construction of nuclear research, 


on schedule and within estimate! 
Pe ) production or power generating facilities. Call KE for 


‘ 
f 


planning or building your nuclear project. 


whos’ wee 
\A ENGINEERS engineers—contractors 


Contracting since 1914 


Division of Henry J. Kaiser Company « Oakland 12, California * New York, Pittsburgh, Washington, D.C., 
Buenos Aires, Calcutta, Dusseldorf, Montreal, Rio de Janeiro, Sydney, Tokyo 
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STRAIGHT TALK TO ENGINEERS 
from Donald W. Douglas, Jr. 


President, Douglas Aircraft Co., Inc. 


Here at Douglas we’re involved in a greatly 
accelerated missile and space program. This 
requires one of the most intensive engineering 
and research efforts in our history. 

The problems are great ones as we move into 
the new dimension of unmanned and manned 
space vehicles. They require specialists in almost 
every engineering field. But their solution will 


result in great benefits not only to our own nation 
but to all mankind. 

If you’re interested in tackling these problems 
with us...in giving your best in an all-out drive 
to solve them... we’re interested in you! 

Please write to Mr. C. C. La Vene 
Douglas Aircraft Company, Box L-620 
Santa Monica, California 
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Don’t gamble with MIL Specs 


...get positive leak detection 
with CEC’s unsurpassed performance, 


Consolidated Leak Detectors set the standard for reliability... 
quickly pay for themselves in all types of critical MIL-Spec applications. 
CEC offers two models: one provides the ultimate in leak detection; 
the other, a low cost unit, gives the highest performance per dollar 
invested. Ruggedly designed for long-life precision performance, 

CEC Leak Detectors feature stainless-steel vacuum systems to 
minimize contamination, adjustable “sniffer” probes, and audio 
alarms. Easy, convenient operation requires no special training. 
Contact your nearest CEC Field Office, or write for 

the Bulletins indicated below. 


More CEC Leak Detectors are in use 
today than all other makes combined 


24-110... Ultra-sensitive. 
Recommended for large, 
complex systems and 
high-vacuum products. Detects 
at least 1 x 10-1 atm cc/sec 

of air. Weighs 470 lbs. Operates 
on 115 volts, 60 or 50 cycles. 
Ask for Bulletin CEC 1838-X18. 


24-210... Low cost. Portable 
with no sacrifice of reliability. 
Detects at least 1 x 10-9 atm 
cc/sec of air. Weighs 145 Ibs. 
Available with mobile 
workstand. Operates on 115 
volts, 60 or 50 cycles. 
Bulletin CEC 1830-X33. 


Analytical and Control Instrument Division 


Consolidated Electrodynamics 


oS) 300 North Sierra Madre Villa, Pasadena, California 


OFFICES IN PRINCIPAL CITIES THROUGHOUT THE WORLD 
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For your Magnetic Shielding Problems... 


MUMETAL is the answer! 





Write for your copy 


“MAGNETIC MATERIALS” 


This 32-page book contains val- 
uable data on all Allegheny Ludlum 
magnetic materials, silicon steels 
and special electrical alloys. Illus- 
trated in full color, includes essen- 
tial information on properties, 
characteristics, applications, etc. 
Your copy gladly sent free on 
request. 


ADDRESS DEPT. NC-5 


Mumetal shields will give instant 
relief to interference caused by 
extraneous magnetic fields. This 
material can cure many troubles— 
solve many a problem for you. 

Use it where high permeability is 
required at low flux densities, such 
as in input and microphone trans- 
formers, hearing aid diaphragms, 
instruments, wire and tape record- 
ers, etc. For properly heat treating 
Mumetal, we can also offer commer- 
cial hydrogen annealing facilities. 

A fund of technical data on shields 


and other applications for Alle- 
gheny Ludlum Mumetal is available 
—let us help with your problems. 

In addition to Mumetal and other 
high-permeability alloys, we offer a 
range of magnetic and electrical 
alloys and steels that is unmatched 
in its completeness. Our services 
also include the most modern facili- 
ties for lamination fabrication and 
heat treatment. ® Let us supply your 
requirements. Allegheny Ludlum 
Steel Corporation, Oliver Building, 
Pittsburgh 22, Pa. 


STEELMAKERS to the Electrical Industry 


Allegheny Ludlum 


Warehouse stocks of AL Stainless Steels carried by all Ryerson plants = wew soos 
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for measuring radioactivity of fluid samples... 


Dick 


Urine and/or saliva in lodine-131 uptake studies 
Blood in P.B.I. analyses 

Blood and plasma in volume determinations 
Pernicious anemia diagnosis 

Red cell volume and survival time studies 


r 
a 


Mi 


ro 
> 
» 


PICKER Well-Type 
SCINTILLATION DETECTOR 


will measure sample volumes up to 1500.06 
three times more than the Sec capacity 4 
of conventional Well-T ype Counters 

In consequence, patient-dosage requited 

for a test can be reduced by half. $975 


other advantages... 


the isocontour shielding which signifi 
unwanted background count (4 L 

the fingerlift counterbalanced 
loading so easy 


the removable splash guaitds 


contaminationaid spare futile el 


1 in coun inside 
be ne 


stays open while loading 


beakers or bottlés up to 41” diam- 
aor can bb sata Daceul 
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“A REVOLUTION IN RARE EARTHS 


Costs down sharply...large quantities available 


a report by LINDSAY 


Today you can buy at $50 per pound Sama- ; é ees 

rium Oxide of 99% purity which in 1955 cost THREE YEAR DECREASE IN SELLING, ’ 

$1825—a price reduction of 97%, almost ie : eres tie A yi 
in dollars per pound 


unprecedented in the chemical industry. 


All high purity rare earths are priced sub- 
stantially below the 1955 levels. Price 





——_—— - 








ranges for four oxides, over a three-year 
period, are shown in the graphs. 








During 1954, there was a rapidly devel- GADOLINIUM EUROPIUM 
oping industrial interest in high purity rare OXIDE OXIDE —— 





earths which were available then only in 99% 99% 
d /o II 7/0 
small, laboratory-production quantities and 








at very high prices. 





In 1955, Lindsay pioneered the first com- 
mercially installed ion exchange pilot plant 





with 40 six-inch columns for the production 
of rare earth oxides in purities up to 99.99%. 
As these materials became available, the re- 








sponse from industry demonstrated that 
much larger production facilities were ur- 
gently needed. 
LINDSAY EXPANDED 
PRODUCTION 


Consequently Lindsay immediately ex- 

















panded its ion exchange plant and is now 








operating continuously more than 100 col- 
umns with large production units of YTTRIUM —— SAMARIUM — 


eighteen-inch and sixty-inch diameters. OXIDE OXIDE 
99%, 99% 





With large volume production, we can 
now make prompt shipments of high purity 
materials in quantities from a gram to hun- 


dreds of pounds. 


Current prices make high purity rare 

















earths extremely attractive and economi- 
cally sound for a wide variety of chemical 
and industrial purposes. 











We will be happy to supply technical 
data and information about availabilities, 
prices and industrial applications. 


PLEASE ADDRESS INQUIRIES TO: 


LINDSAY CHEMICAL (OMPANY 


272 ANN STREET © WEST CHICAGO, ILLINOIS 
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Uni ete . 


The Zirconium Age has arrived! Columbia-National’s 
new sponge plant now offers you a ready source of 
reactor and commercial grade zirconium. 





Uniform high quality zirconium is assured by convert- 
ing zircon sand to sponge at one location under the 
responsibility of one management. The unique ‘‘Ni- 
trophos”’ extraction process separates and purifies 
zirconium and hafnium in this plant. 


Reactor-grade and hafnium-containing commercial- 
grade zirconium sponge are available for government 
and industrial requirements. Leading metal converters 
and fabricators are now supplying zirconium mill and 
finished products. 


There is new opportunity in the Zirconium Age. You are 
urged to investigate its use in atomic reactors and in 
process equipment where corrosion conditions are 
severe. Columbia-National is ready to help with melt- 
ing, fabrication and application assistance. Write for 
technical bulletin, specifying your interest. 
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NEW METALS FOR INDUSTRY 
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Ten years at RxD, 


Main Headquarters: White Plair N Top—Critical Facility, Pawling 


NDA is observing its tenth anniversary this 
month by an activity that has typified its life: 
expansion—this time to a 63-acre research, 
development, and technical center at Eastview, 
N. Y., five miles from present headquarters in 
White Plains. 

By late summer, the new technical center 
will be NDA’s main headquarters. Present facil- 
ities in White Plains will then be devoted ex- 
clusively to engineering, experimental, and test 
fabrication activities. 

Expansion is underway at NDA-Pawling Labo- 
ratories, too, in the form of a new engineering 
service building and liquid metal test facilities. 


tive Materials Laboratory, Pawling, N. Y. 


Even more important in this ten-year period has 
been NDA’s growth in personnel resources. Its 
400-man team encompasses the myriad skills that, 
knitted together, make an imaginative, mature and 
responsible organization. This team has one aim: 
the design, development and production of ad- 
vanced nuclear reactors for power, propulsion 
and research. 

NDA faces its second decade confident in the 
knowledge that nuclear reactors will soon see 
widespread application and firm in its resolve to 
be a significant part of this essential movement to 
expand man’s energy sources. 


OPPORTUNITIES EXIST AT NDA FOR QUALIFIED SCIENTISTS AND ENGINEERS 


a complete reactor company 


NUCLEAR DEVELOPMENT CORPORATION OF AMERICA 





WHITE PLAINS, N.Y. 


TEL. WH. 8-5800 


NDA EUROPE 31, Rue du Marais, Brussels, Belgium 
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ORC) BORER 


of Key Developments in Atomic Energy 


Budget Bureau Fights AEC Plans; JCAE May Act 


The tug-of-war over the nation’s civilian power reactor program be- 
tween AEC and Congress’ Joint Committee on Atomic Energy has be- 
come a three-way wrangle with AEC in the middle between the Bureau 
of the Budget and JCAE. The difference of views between AEC and 


Budget over the amount of 
money that should be spent on 
advanced reactor development has 
held up by almost a month the sub- 
mission of AEC’s fiscal-’59 author- 
ization requests to JCAE. 

Meanwhile an impatient Joint 
Committee is planning the steps it 
will take to get a five-year reactor 
development program underway in 
case none is forthcoming from AEC. 

The Commission has made no 
commitments to JCAE going be- 
yond fiscal 59 ex for a pro 
of fuel cycle development (NU, 
April 58, 17), and continuation by 
means of new rounds of its Power 
Demonstration Reactor Program 
started in January 1955. But the 
idea of building new types of reac- 
tors and successive generations of 
reactors of tried concepts, which 
JCAE has espoused, has not gotten 
past the stage of staff talks. 

The AEC staff has prepared a 
draft, in general terms, of 2 five- 
year development plan, but it seems 
unlikely that the full Commission 
will put its stamp of approval on it. 
(Commissioners Vance and Floberg 
told nucLeonrcs in March that they 





were opposed to long-term reactor 
lans at this stage.) So far as is 
wn, the draft has not yet even 
been up for consideration in a Com- 
mission meeting. 
But JCAE is determined to have 
a long-range development program 
drawn up even if it fails to get one 
from AEC. Committee plans in 
that eventuality are to name a select 
anel of top reactor experts—per- 
ess three ae of de ont of 
Henry D. Smyth and Walter Zinn— 
to assist in drawing up a projected 
five-year program, have it reviewed 
first by a broad cross section of in- 
dustry and then by AEC, take ac- 
count of constructive suggestions, 
and adopt it as an official JCAE re- 
rt for future guidance. This is in 
fine with JCAE Chairman Durham's 
comment in Chicago in March 
(speaking of both the ’59 and long- 
range programs) that “if AEC is not 
able to come up with an adequate 
program, then the Joint Committee 
and the Congress must try to fill the 
gaps.” 
This of course is not something 
JCAE expects to accomplish this 


Contract awards mark start on PURR, GCRE, APPR-1a 
AEC has awarded a $1,025,000 contract to John P. Hopkins Co., 
Mercer I., Wash., for phase-1 construction of the Plutonium Re- 
cycle Reactor at Hanford. Hopkins has 425 days to complete the 
steel containment shell (80 ft dia, 121 ft high, 46 ft below grade), 


bridge crane, storage and other facilities . 


. . Peter Kiewit Sons, 


Omaha, outbid eight others and won the contract, at $4,897,- 
000, to build the conventional facilities of APPR-la at Ft. Greeley, 
Alaska. Patterned on the first Army Package Power Reactor at 
Ft. Belvoir, Va., the Alaskan copy will test feasibility of the plant 
in an isolated area and yield 42-million btu/hr steam for space 
heating as well as 1.7-Mw electricity. The basic design is by 
Alco Products Co., builder of the Ft. Belvoir plant . . . Farns- 
worth & Chambers Co., Houston, won a contract with a low bid of 
$1,357,799 to build the control, reactor and equipment building 
for the Gas Cooled Reactor Experiment at AEC’s Idaho test 
station. Seven others bid. The work will take 420 days. Aero- 
jet-General is building and will test-operate the GCRE. 
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year, but the Committee does feel 
the urgency of obtaining an agree- 
ment this year on the idea of formu- 
lating a longer-range reactor devel- 
ment program. 

a" thing JCAE feels it has ac- 
complished already is to get AEC 
to broaden its fuel-cycle program, 
from one originally geared to water 
reactors, to an across-the-board ap- 
proach that would cover high-tem- 
perature reactors as well. 


Standoff in Executive 

While JCAE chafed under the 
delay in starting the authorization 
hearings—AEC’s authorization re- 
quests were due April 10, had not 
yet been submitted May 5—a bat- 
tle royal was quietly going on be- 
hind the scenes between AEC and 
the Bureau of the Budget. 

AEC is in the middle substan- 
tively as well as procedurally: in its 
debates with JCAE, AEC has taken 
the more conservative line, contend- 
ing that the rate of reactor develop- 
ment it has set is adequate and re- 
quires no acceleration. But vis-a- 
vis Budget, AEC is fighting for re- 
actor development projects that it 
has been pushing, but that Budget 
wants to pare out of the ’59 appro- 
priations. AEC’s top leaders have 
already had several sessions with 
Maurice Stans, the new Budget Di- 
rector, that have failed to break a 
deadlock, and it is believed in 
Washington that the issue may have 
to be laid before the President for a 
decision. 

Faced with a whopping $8-billion 
prospective deficit for fiscal ’59, the 
Budget Bureau—in its role as coor- 
dinator of expenditures of all execu- 
tive agencies for the Administration 
—is reported taking the line that 
with first-generation water reactors 
working well, heavy outlays on 
gas-cooled and Pu-power dual-pur- 
= units and a proposed 100-Mw 

eavy-water natural-uranium reactor 
and others of like nature are luxuries 
that the country cannot afford in a 
recession year. AEC has refused to 
yield and is fighting for Chairman 
Strauss’ philosophy of working on a 
broadly-diversified range of reactor 
concepts. Possiblyalso involvedmay 
be some AEC nuclear rocket projects. 
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The 100-Mw heavy-water reactor 
was already in—and knocked out of 
—the budget a year ago, along with 
a homogeneous ye oe and three 
small reactors: altogether some 
$150-million in authorizations was 
eliminated. This year AEC sub- 
mitted the big DO project again, 
and again Budget red-lined it. 
Earlier, at the “harmony” talks this 
winter between four AEC Commis- 
sioners and leading JCAE members, 
this reactor was cited by AEC as 
one it wanted to build. The proj- 
ect, on which duPont has done a 
study for the Commission, bears 
some relationship to the Carolinas- 
Virginia Nuclear Power Associates 
project, a 17-Mw version of the same 
concept being designed by Westing- 
house. However the CVNPA re- 
actor must use enriched fuel, while 
AEC’s big unit would be so designed 
that it could operate on either 
natural or enriched uranium. 

There are observers on Capitol 
Hill who feel that, by and large, 
AEC wouldn’t care whether these 
reactors are publicily or privately 
built as long as they get built, nor if 
there were some overlapping of 
projects; but that the Budget Bu- 
reau would care a great deal 
whether a given reactor type were 
to be built by a private group such 
as CVNPA, or by AEC itself. Ac- 
cording to this view, Budget would 
be quite ready to scrap the big proj- 
ect for fear it might interfere with 
the small one. 

AEC is also reported to be trying 
to get Budget approval for inclusion 
in its authorization requests of the 
two reactors laid wh JCAE last 
fall, on which preliminary studies 
have just been completed (see p. 
104): an intermediate, or 40—60- 


Mw size gas-cooled reactor, now 
slated to burn slightly enriched 
rather than natural uranium, and a 
plutonium production _ reactor. 
JCAE sources are confident that 
“something will go through” on 
these two reactors, implying that 
the Committee majority is in a mood 
to overrule the Budget Bureau if 
the latter should prevail over AEC. 

(In fact, top Budget officials 
have been invited to testify before 
= on their action in holding 

ack appropriated atomic energy 
funds last fall (NU, Jan. ’58, 17), 
and on the criteria they use in pass- 
ing on current reactor authorizations. 
They have not yet indicated whether 
they will accept.) 

As April wore on without AEC’s 
authorization requests arriving on 
Capitol Hill, the Congressional 
committee began to find other ac- 
tivities hamstrung: for example, it 
had to postpone sine die its sched- 
uled hearings on nuclear waste dis- 
posal problems although witnesses 
had already been assigned dates and 
times for coming to Washington to 
testify. Another hearing could not 
be postponed: Rep. Chet Holifield, 
chairman of JCAE’s subcommittee 
on authorizing legislation, is also 
chairman of an Armed Services 
Committee subgroup on civil defense 
which had hearings scheduled for 
late April-early May; and _ this 
threatened to enforce another fort- 
night’s delay if the authorizing hear- 
ings could not be held earlier. 

JCAE therefore began trying to 
put pressure on Germantown to act, 
and arranged a meeting between 
leading members of Committee and 
Commission to discuss the main out- 
lines of the program and its timing, 
and to get something up for review. 


GAO Forces Withdrawal 


of AEC Proposal on PAR 

Comptroller-General J Camp- 
bell blew the whistle on AEC last 
month, forced it to withdraw its pro- 
posal for $25-million in federal aid 
to Westinghouse and Pennsylvania 
Power & Light’s big homogeneous 
reactor project. Campbell’s objec- 
tion to both arrangement and man- 
ner of the submission to Congress 
forced AEC to seek a less extensive 
aid arrangement for PAR (Pennsyl- 
vania Advanced Reactor). 

AEC is now considering a pro- 
posal limited to Phase 1 of the orig- 
inal arrangement ($7-million in re- 
search-development assistance from 
AEC for the 2-year gr ending 
Dec. 31, 1959). The new plan 
would also attempt to meet objec- 
tions raised by JCAE Democrats on 
patent rights. Campbell ruled that 
the arrangement submitted to JCAE 
was not a proper one under the 
third round of the Reactor Demon- 
stration Program. AEC’s invitation 
specifically mentioned the PAR con- 
cept as eligible but listed certain 
conditions for AEC aid, including 
construction by June 30, 1962. 

The invitation explicitly called for 
proposals “to oe sign, con- 
struct, and operate nuclear power 
plants.” Even when it was subse- 
quently extended, Campbell re- 
minded AEC, the third round re- 
quired completion by June 30, 1963. 
The third round contemplates, he 
said, “that proposals be based on an 
existing belief by proposers in the 
technological feasibility of projects 
proposed, whereas [this] proposal 
clearly admits it will take two more 
years research before any determina- 
tion as to feasibility can be made.” 





EEI’s McAfee Denies 
Need for Acceleration 


J. W. McAfee, president of Edison 
Electric Institute, lashed out in late 
March at the proponents of a fed- 
erally-funded acceleration program 
for early development of economic 
nuclear power. 

Ina risingly strong statement, 
McAfee defended the role of the 
private utility industry. He told an 
American Power Conference audi- 
ence in Chicago that the U. S. re- 
actor program to date has been “an 
orderly effort based on human in- 
telligence and the proper use of 
money, materials and men.” 

“That,” he added, “is the ap- 
proach that has produced the great- 
est industrial system the world has 





ever known and there is good reason 
to suppose that this approach is 
fully applicable to the development 
of nuclear power.” 

McAfee’s outspoken defense of 
the present rate of development was 
particularly surprising in view of the 
indication in a recent survey by 
NucLeonics (NU, Feb., ’57, 17) 
that private utility leaders generally 
support an increase in federal spend- 
ing on reactor development. More 
than 20 favored federal subsidy of 
nuclear fuel. 

The EEI spokesman made it clear 
that he was satisfied with the timing 
and extent of investment. 

“It just so happens,” he stressed, 
“that there is no nuclear reactor that 
anyone can build today that will 


give as good an economic result as 


a modern conventional power plant. 
What do we have to gain by en- 
gaging in a race to produce the 
greatest quantity of what for us is 
an uneconomic facility? Let us not 
waste our strength in racing toward 
someone else’s goal. 

“What if fuel availability and cost 
in other countries justifies a different 
approach overseas; does that war- 
rant our ignoring our advantages 
and pursuing a wasteful course here? 

“It is possible that building a 
large quantity of nuclear power ca- 
pacity would temporarily make an 
impression abroad. However, the 
factor which has given us world 
leadership is the use of our national 
resources in the most efficient and 
economical manner to attain supe- 
riority in ability to produce.” 
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AEC Staff Opposes 
Patent Policy Change 


AEC’s contractors, long upset 
about federal atomic patent policies, 
rediscovered last month that they 
face a tough job in convincing AEC 
and Congress that the policies 
should be liberalized. 

The occasion: the first public 
hearing ever held by AEC on the 
patent provisions of the 1954 Act 
and the administration of these pro- 
visions by AEC. Presiding was 
AEC’s 3-man advisory panel on 
patents—Casper W. Ooms, John H. 
Dienner and Jo. Bailey Brown. 

The major industry demand: re- 
peal of section 152, which gives 
AEC title to all inventions or discov- 
eries of its contractors, except where 
this privilege is waived. 

The AEC staff response: Edward 
Diamond, associate general counsel, 
and Roland A. Anderson, patent 
chief, made it clear they oppose any 
change in section 152 ant what 
has already been done administra- 
tively to exempt licensees and ac- 
cess-permit holders. 

The Ooms panel must present to 
AEC an “unbiased, objective opinion 
of patent policies and practices in 
the atomic energy field.” Any 
change in the law by Congress rests 
on AEC’s decision on whether to 
recommend such a change. 

Short of an outright repeal of sec- 
tion 152, several industry spokesmen 
insisted, AEC should more often ex- 
ercise its ability to waive its rights 
to a contractor's inventions—in ad- 
vance of the contract. 

Other witnesses chided AEC for 
a lack of aggressiveness in seeking 
foreign patents for U. S. inventions. 
The patents may not be claimed by 
the inventor because AEC has title. 

Ooms summed up the day’s testi- 
mony. With a few exceptions, he 
pointed out, the industry presenta- 
tion was marked by “an absence of 
concrete examples.” 

“No one seems to know,” he ob- 
served, “if the Commission’s 1,400 
patents are just gadgets that anyone 
can design around, in which case 
there would be no point in maintain- 
ing the present special patent sys- 
tem for atomic energy. Or, on the 
other hand, if they contain a domi- 
neering patent, one that would, if 
privately-owned, give some company 
a stranglehold on the industry. 

“If there is no domineering patent, 
what is the point in compulsory 
licensing to prevent a giant com- 
pany from becoming a domineering 
bloc?” 


Vol. 16, No. 5 - May, 1958 


Reactor Progress in France 


France's first commercial nuclear power station, EDF-1, being built on the south 
bank of Loire (top edge of photo above dike) near Chinon by Electricite de France, 


looked like this at end of March. 


Basin top right is intake channel; large rectangu- 


lar foundation at left is turbogenerator building; large circular foundation at right 


is base of reactor containment sphere. 


On it are taking shape a smaller circular 


structure, right—reactor base; and square structure on which will be erected vertical 


heat exchangers. 


Exchanger tubes are to be sectionally shielded for easy removal, 


decontamination and factory repair if required even after reactor has been operat- 
ing. Carbon-dioxide-cooled 60-Mw/(e) unit is to be in service next year 


Nuclear Navy: Polaris Sub Already Building; Other News 


From Washington, D. C., from 
Connecticut and from the Gulf Coast 
came news last month of good prog- 
ress on the nuclear navy program. 

Ballistic sub. General Dynamics’ 
Electric Boat shipyard at Groton, 
Conn., achieved a significant — 
up of the new FBM (Fleet Ballistic 
Missile) submarine program (NU, 
March °58, 23). It announced that 
work is already well underway on 
the first of the new-type Polaris- 
firing subs, as yet unnamed, desig- 
nated SSN(FBM)598. A number 
of hull sections already laid down 
late last year as the Scorpion, a Skip- 
jack-class attack sub, are being used 
in the 598 instead, with Scorpion 
temporarily deferred. By this ex- 
pedient a tremendous jump is gained 
on 598’s construction schedule, with 
a well-advanced hull in progress a 
mere two months after the boat was 
authorized by Congress and assigned 
by the Navy to EB. The second 
sub of the class, SSN(FBM)599, 
will be laid down late this month. 
Both ships will use the Westing- 
house SSW-type pressurized water 
reactor for motive power. 

Attack sub. Skipjack, first of the 
revolutionary high-speed subs com- 
bining nuclear power and the Alba- 
core tear-drop hull shape, will be 
launched by Electric Boat May 26. 
After completion and fitting out, she 
will join the fleet early next year. 

Meanwhile in Pascagoula, Miss., 


Ingalls ae Corp. laid the 
keel of its second S tptach-dieis sub, 


Snook. Sculpin is already under 


construction there. And Electric 
Boat said it would probably make a 
fresh start on Scorpion this summer. 

Hunter-killer sub. Tullibee, first 
of the tiny hunter-killer subs, will be 
laid down this summer by Electric 
Boat in its north yard, NUCLEONICS 
learned. It will be powered with 
Combustion Engineering’s vest-pock- 
et pressurized water reactor. The 
test bed for its land-based prototype, 
SIC, is already nearing completion 
—a long yellow horizontal tank 
structure in a clearing in a remote 
central-Connecticut forest north of 
Windsor. This $25-million test fa- 
cility (adjoining Combustion’s new 
$12-million research and develop- 
ment labs and $4-million core-manu- 
facturing plant) is to be completed 
by August, and the first core loaded 
by Dec. 1. 

Sodium sub. Seawolf, once as- 
sociated in the public mind with de- 
lays, difficulties and superheater 
leaks, has been setting records for 
reliability since entering service. 
Capable of over 20 knots even with 
a restriction to 80% of design power 
(the superheaters are sealed off), 
the big sub has operated 16 months 
(38,000 mi, 60% of them submerged, 
3,650 hrs underway) without a sin- 
gle adjustment to the reactor, with- 
out a single entry into the reactor 
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compartment proper. The core is 
now half depleted; some time late 
this year Seawolf will be decom- 
missioned, “defueled,” the reactor 
removed and a_pressurized-water 
unit installed. The job will take 15 
months to two years. 

Destroyer. The Joint Committee 
reported out a bill providing $35- 
million for construction by General 
Electric of the D1G facility—the 
land-based prototype for a destroyer 
reactor. 


Euratom Talks Success; 


Ratification Next Step 


Racing to get a U. S.-Euratom 
agreement on nuclear power in 
being by the end of June, negotiat- 
ing teams representing both sides 
early this month worked out an 
arrangement which they confidently 
h would be ratified without a 
major hitch. 

The agreement, subject to ap- 
proval by the U. S. Congress and 
the Euratom Commission, contains 
these major provisions: 

tion. The conferees slid 
past a threatened deadlock on U. S. 
inspection of reactors built under 
the agreement by 1. confirming 
Euratom sovereignty over all nu- 
clear activities within the six nations 


but 2. providing close cooperation 
with U. S. technicians from the 
start. The compromise is designed 
to provide assurances to the U. S. 
that no plutonium will find its way 
into military uses. 


Fuel. Enriched uranium will be 
supplied by the U. S. under long- 
term guarantees. Net cost to the 
Euratom countries will be some- 
thing over the cost of conventional 
fuel but at attractive prices. 


Australia Starts Up HIFAR, 
First Reactor Down Under 

HIFAR, the High-Flux Australian 
Reactor, went into operation April 
18. The Dido-type heavy-water 
research unit at Lucas Heights near 
Sydney was built for the Australian 
AEC by Head, Wrightson & Co. 
Ltd. of London. HIFAR will also 
produce radioisotopes. 
British Firm Signs to Build 
First Italian Power Reactor 

A contract was signed in London 
last month under which Britain's 
Nuclear Power Plant Co. will begin 
construction of Italy’s first nuclear 
power station, 40 mi south of 
Rome, within “a few months.” The 
200-Mw(e) graphite-moderated gas- 
cooled unit (NU, Dec. °57, 17) is 
to be completed in 1962. 


AEC Indemnity Report 
Shows Details in Doubt 


AEC reported substantial progress 
last month on a permanent plan to 
supersede its interim regulation for 
federal indemnification of hazardous 
nuclear facilities. But it was made 
clear that a final program is still 
some time off. 

In a progress report to Congress 
under the 1957 Price-Anderson Act 
authorizing indemnity beyond avail- 
able commercial insurance for nu- 
clear facilities, AEC highlighted: 

@ Industry will be asked in the 
near future—probably this month— 
to comment on a proposed formula 
for calculating financial protection 
required for reactors. The formula, 
which was not ready when AEC 
made its report to the Joint Com- 
mittee on Atomic Energy, will be 
part of a proposed regulation out- 
lining the indemnity plan. 

@ The Commission has instructed 
its operations offices to include free 
federal indemnity in all new opera- 
tions contracts and to offer the 
same coverage to present contract 
operators. Construction contractors 
would also get coverage where their 
work involves the risk of a “sub- 
stantial nuclear incident” (NU, Feb. 
58, 27). AEC’s contractors will not 
be required to carry private insur- 
ance unless their work is inseparable 
from commercial work. 

® The Commission is still study- 
ing possible extension of indemnity 
to hazardous nuclear facilities other 
than reactors. Insurance industry 
representatives have expressed a 
willingness to furnish liability cover- 
age up to $60-million per facility 
(the same ceiling as for reactors). 

© Under the temporary indemnity 
regulation in effect since September 
(NU, Oct. 57, 21), 12 of 22 re- 
actor licensees have filed insurance 
binders, one insisted he has ade- 
quate resources to provide the re- 
quired amount of financial protec- 
tion for his facility, and nine (six 
state universities and three federal 
agencies) have claimed immunity 
from tort liability. Accordingly, 
AEC is 1. considering the need for 
legislation waiving immunity for 
such federal reactor operators as the 
Bethesda Naval Hospital, the Naval 
Research Laboratory and the Naval 
Postgraduate School; and 2. working 
on a model law to permit state- 
owned reactors to be brought under 
the indemnity program. 

Some idea of AEC’s eventual 
formula for privately-financed pro- 
tection required by reactor owners 


emerged from an appendix to the 
indemnity report. It revealed that 
a draft formula was drawn up in 
anticipation of industry advisory 
group discussions with AEC in De- 
cember and January. 

Major factors in the formula: 

Authorized power level: The base 
amount of financial protection should 
be calculated by multiplying the 
reactor power level (in thermal kilo- 
watts) by $150. In case of a re- 
actor of 400 Mw(th) or more, this 
would be the maximum available 
commercially —$60-million. 

Fuel cycle factor: AEC felt that 
reactors with large fission product 
inventories require more financial 
eee Thus, the amount of 

nancial protection calculated on the 
basis of size would be multiplied by 
a “fuel cycle factor.” This was de- 
fined as the average number of days 
equivalent full power operation that 
a fuel charge remains in the reactor. 

Population factor: Under a special 
PB for figuring population den- 
sity and location of reactors vis-a-vis 
—— areas, AEC worked out a 
actor having this effect: require 
financial protection for the popula- 
tion within 3-miles of a 1-Mw(th) 
reactor and within 60-miles of a 
400-Mw (th) reactor. 


Compromise Solution Seen 
On Plutonium Buyback 


A compromise solution to the plu- 
tonium buyback problem looms as a 
probable result of quiet negotiations 
between AEC and the Joint Com- 
mittee on Atomic Energy. 

Congressional sources predicted it 
would run along these een when 
formally presented to JCAE as part 
of AEC’s Fiscal ’59 authorization 
bill: 1. For Pu produced in the U. S. 
or in U. S.-designed reactors abroad, 
the U. S. would pay $14-16/gm, 
down considerably from the current 
price of $30-45/gm for domestically- 
produced Pu; 2. long-term purchase 
contracts would run only the 
15-yr period proposed by AEC for 
Pu produced abroad. 

Late in April, the compromise was 
being drafted into proposed legisla- 
tion for submission to JCAE under 
the plant-and-equipment authoriza- 
tion bill of AEC for the fiscal year 
beginning July 1. As eventually 
submitted, it was expected to in- 
clude a special exchange program 
with Britain: the U. S. would trade 
one gram of enriched uranium for 
one gram of British Pu. This would 
put a price of $16.12/gm on Pu— 
the price of 20%-enriched U***/gm; 
Britain Pu price is $14/gm. 
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Geneva Papers Pouring In, 36 Nations Submit 1,925; 
Fusion Exhibits, Review Papers to be Innovations 
Preparations the world around for the second U. N. Geneva Confer- 
ence on Peaceful Uses of Atomic Energy are beginning to become fever- 
ish as September 1—opening date of the two-week session—approaches. 
Up to April 9, 55 of 88 nations invited to participate had accepted; 36 


governments had submitted a 
total of 1,925 titles of scientific 
papers for presentation. Of these 
about 900 came from the U. S. 
alone, culled by 55 ial review- 
ing committees from 1,478 submitted 
by U. S. scientists. Before the 
flood at U. N. slackens—it is ex- 
pected to continue two months past 
the June 1 deadline for full papers 
—about 2,400 are expected to reach 
U. N. headquarters in New York, 
Sigvard A. Eklund, Conference Sec- 
retary-General, believes. 

All will be included in the pro- 
ceedings of the Conference; sal 
the abstracts submitted to date, an 
international team of 22 scientific 
secretaries is selecting about 550 to 
be recommended for oral presenta- 
tion at the general and technical 
sessions. In August 1955, there 
were only 1,067 papers submitted 
altogether, 450 of which were read. 

Final selection of the papers to be 
honored by reading discussion 


will be made by U. N.’s Advisory 


Committee on Atomic Energy, 
which will meet this month in 
Geneva. 

As in 1955, there will be both 
government-sponsored and com- 
mercial exhibits, the latter again 
being in the Geneva ition Hall 
(see map, NU, June ’55, 75). The 
governmental exhibits will be housed 
in a special exhibit building now 
being erected on the Palais grounds. 
Here major efforts are expected to 
be devoted by the big three to ex- 
hibits on fusion—the time that 
thermonuclear devices will have 
been shown to the public. 

In the fission field, the U. S. again 
this year is expected, as of now, to 
be the only nation to exhibit a work- 
ing reactor. But instead of one as 
in 1955, there are to be three: 
Argonne National Laboratory will 
have an Argonaut (NU, March ’57, 
62), and General Dynamics a TRIGA 
(NU, Nov. 57, 25) in the govern- 
mental exhibits, while Atomics In- 
ternational will show its L-77 lab- 
oratory reactor (NU, Oct. °56, 98) 
at the commercial show. 


Experiment: Review Papers 


Another innovation over 1955 will 
be the trial on a small scale of re- 
view papers—a “new principle, to 
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be very carefully introduced,” 
Eklund cautions. Rapporteurs of 
technical sessions will S assigned 
to prepare these reviews on the 
basis of material presented by speak- 
ers from the various countries, and 
will read them during the confer- 
ence. However this will be done 
only in the field of radio-isotopes. 
It will not be done—at least not this 
year—for reactors, Eklund explains, 
since “it becomes very complicated, 
because you have to take into ac- 
count the geographic representation 
of the rapporteurs.” 

Attesting to the emphasis on fu- 
sion at this conference is the sched- 
uling of five or six sessions devoted 
to the subject—one plenary and 
three technical sessions on fusion 
were recommended initially, and one 
or two more are expected to be 
added by the advisory committee 
when the final schedule is drawn up. 
(Following the 1955 pattern, the 
first three-and-a-half and the last 
one-and-a-half days of the two 
weeks will be given over to pleuary 
or general sessions, with four simul- 
taneous series of technical sessions 
in between.) 

Papers in the field of reactor en- 
gineering reflect the great number 
of reactors completed or begun since 


- — 


the last Geneva Conference three 
years ago. = about every signifi- 
cant one is the subject of a descrip- 
tive paper. 

Gaseous diffusion for isotopic sep- 
aration of uranium, the pee 
of which has hitherto been closely 
held by its sole practitioners—U. S., 
U. K. and USSR—is on the agenda. 
The U. S. will offer “Progress in 
Methods of Isotope Separation for 
U-235,” and France, which has just 
scored a success in this field, has 
nine papers on gaseous diffusion 
(see p. 25). Moreover, at least two 
French papers deal specifically with 
an even more: hush-hush topic: sep- 
aration of lithium-6 and lithium-7. 
This process is carried out in the 
U. S. at Savannah River preliminary 
to production of lithium-6 deuteride, 
the source of tritium in the H-bomb. 

President of the conference—an 
honor that went to India’s Homi J. 
Bhabha in 1955—will be Francis 
Perrin, French High Commissioner 
for Atomic Energy. 

Sweden’s Eklund, director of re- 
search of the Swedish Atomic coe 
Company, is acting in the post held 
last time by Walter G. Whitman of 
MIT. His aides are Homi Nusser- 
wanji Sethna of India, Deputy Con- 
ference Secretary-General; and Ivan 
Ulehla of Czechoslovakia, Special 
Assistant to the Conference Secre- 
tary-General. 

John H. Martens of Argonne Na- 
tional Laboratory will be chief edi- 
tor of the proceedings of the con- 
ference, expected to run to “more 
than 30” volumes this year as com- 
pared to 16 in 1955. 


U.N."S GENERAL STAFF for the second Geneva Conference shown with the scientific 
secretaries: (left to right, seated) Vclery Ziegler, France; Frank Bruce, U. S.; Ivan D. 
Rojansky, USSR; Deputy Conference Secretary-general Homi Sethna, India; Con- 
ference Secretary-general Sigvard Eklund, Sweden; Special Assistant Ivan Ulehla, 


Czechoslovakia; Mile. Renee Bovy, Belgium. 


(Middle row) Hiroshi Fukunaga, Japan; 


Frederick Hudswell, U. K.; Claudio Garavaglia, Italy; Chief Editor of Conference Pro- 
ceedings John Martens, U. S.; Carlos Sanchez del Rio, Spain; Alexander N. Efimov, 
USSR; Thomas Church, Canada; David Okrent, U. S.; Gavrill S. Strelin, USSR; William 


Woollen, U. K.; D. Harold Copp, Canada. 


(Back row) Cesar Sastre, Argentina; 


Administrative Officer Nathaniel Groby, U. S.; Executive Assistant Brian Urquhart, 
U. K.; Thomas Coor, U. S.; Pierre Y. Tanguy, France; Liasion Officer for International 
Atomic Energy Agency Tillette de Mautort, France; Terence E. F. Carr, U. K. Not in 
photo: three scientific secretaries, from Brazil, Israel, and United Arab Republic 
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R O U N D U P 


Japan’s Atomic Power Program Taking Shape 


TOKYO 


Japan’s atomic power generating program starts taking definite shape 
in July when three British groups present bids for this country’s first 
power reactor. This step has been a hesitant one despite the fact that 
Japan, probably more than any other major industrial power, looks 


toward atomic energy for growth 
and stability. That is the curious 
paradox of the Japanese situation: 
its need for new energy sources is 
dramatic. Yet, justifiably, the Jap- 
anese have been more wary than 
other peoples of entering the age of 
nuclear industrial power with what- 
ever hazards may be in store. 

The decision to purchase a British 
Calder-type reactor—taken early this 
year when a mission surveyed the 
British atomic scene—capped an al- 
ready carefully-mapped-out program 
of building research reactors (see 
Tables 1,2). It was made, in prin- 
ciple, in 1956 when a British mission 
visited Japan. But there has been 
considerable disagreement among 
Japanese atomic power interests 
about the project. Opposition to the 
Calder Hall project exists on two 
levels—from some private industrial 
sources which prefer to move quickly 
into a program tied to U. S. sources 
of technology, and from part of the 
Japanese scientific community which 
objects altogether to a dependence 
on technology from foreign countries 
and which would prefer to pursue 
its own pattern of development— 
even at the risk of its being rela- 
tively slow. 

In the end, the Calder-type pur- 
chase was decided for three reasons: 

1. A general conviction among 
many people inside the Japanese 
government's atomic setup and in 





private industry that the British re- 
actor is a proved producer while 
American power reactors are still in 
the “experimental” stage. The Jap- 
anese believe this is true simply be- 
cause the U. S. does not need nu- 
clear power to the same extent that 
Britain—and Japan—need it now as 
a source of new energy. 

2. The commitment made, at least 
in principle, by Matsutaro Shoriki, 
Japan’s atomic czar, to buy a British 
reactor could not be voided. There 
is a strong belief—at least in U. S. 
circles—that Shoriki’s advisers may 
now have second thoughts about the 
Calder-type reactor, but there is now 
a question of “face” involved. 

3. The fact that the Calder type 
uses natural uranium (or slightly en- 
riched in the modified version which 
will probably be built here) has 
been a come-on for the Japanese. 

The timetable for the Calder Hall 
reactor is elastic but the Japanese 
hope to decide on the contractor by 
fall, negotiate through the winter, 
then actually let the contracts in 
early 1959. The reactor will take 
about four years to construct. 


Second Reactor from U. S. 
Meanwhile, a second power re- 
actor will probably be it ae from 
the U.S. But it’s doubtful whether 
the Japan Atomic Power Co. (the 
amalgamation of private and public 
companies which heads the power 
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program) will be able to handle 
negotiations for a second reactor be- 
fore the British project is somewhat 
cleared away. 

Another problem for Japanese re- 
actor purchases—whether from Brit- 
ain or the U. S.—is the lack of a 
bilateral treaty covering atomic in- 
formation with either country. Ne- 
gotiations with the British, well ad- 
vanced, are held up on several 
points. The Japanese were asking 
for third-party insurance which the 
British have not been willing to give. 
That problem apparently has still 
not been solved. However, the 
problem of how fuel would be han- 
dled has been, since the Japanese 
A.E.C. has now decided that it will 
import all fuel itself rather than 
allow the private trading companies 
to be importers. In the latter case, 
the British would have had to police 
the companies—a procedure which 
the Japanese, super-sensitive about 
their sovereignty, could not allow. 
Negotiations with the Americans for 
a bilateral are also well-advanced. 
But whether it can be initialed, pre- 
sented to Congress for the required 
waiting period, and to the Japanese 
Diet before Japanese elections are 
called and the Diet dissolved, re- 
mains problematical. 


Jungle of Relationships 

Behind these negotiations at gov- 
ernment-to-government level is a 
jungle of conflicting private interests 
within the country. The major Jep- 
anese companies, clearly seeing the 
great future of atomic energy in this 
country, have tried to get into the 
act. But the old Japanese problems 
of capital shortage, lack of tech- 
nology and administrative ability, 
and the need to maneuver in gov- 
ernment circles, has dictated a pe- 
culiar lineup. 

Five atomic “groups” have been 
formed. By and large, they repre- 
sent configurations of the traditional 
Japanese company groups—the post- 
war version of the prewar Zaibatsu 
which once practically controlled all 
Japanese banking, manufacturing, 
and trade. Each is headed by a 
heavy electrical producer (except 
the Sumitomo group which plans to 
act as a collaborator with one of the 
other groups, supplying no reactors 
but working with fuel and isotopes). 
These groups have traditional alli- 
ances with foreign companies. 

Directing the national research 
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effort is Japan Atomic Energy Re- 
search Institute (JAERI), a joint 
government-private enterprise outfit. 
Its labs are about 40 mi north of 
Tokyo in a little village, Tokai, bor- 
dering on a U. S. artillery range that 
JAERI eventually hopes to acquire 
for expansion. The first two re- 
search reactors are located there, 
and the first power reactor will 
probably also be located nearby. 
The government is footing most of 


the bill for JAERI’s activities (1958 


budget totaled ¥4,842,810,000 
($13.5-million) of which less than 
10% was contributed by private 
firms). The private contributions 
come from the whole gamut of Jap- 
anese industry—utilities, iron and 
steel companies, coal producing out- 
fits, petroleum companies, and the 
heavy electrical manufacturers. The 
Institute has also begun to earn 
some money from the sale of iso- 
topes, and other pile by-products. 

The program of development of 
the J.A.E.C. and the Science & 
Technology Agency aims toward a 
gradual increase in the participation 
of Japanese companies as reactors 
are built. Thus the first research 
reactor was designed and built for 
JAERI almost exclusively by Atom- 
ics International. The second re- 
search reactor is being designed and 
constructed by American Machine & 
Foundry, but important locally-built 
components are being supplied by 
the Mitsubishi atomic group. The 
third research reactor to be built for 
JAERI will be largely a Japanese 
operation with all five atomic groups 
taking part in its construction. e 
divvying up of this project is now 
underway. 


Companies’ U. S. Ties 
It was, in fact, the possibility of 
considerable local manufacture of 
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components for a Calder Hall re- 
actor that contributed to the deci- 
sion to build a British before an 
American unit. However, only one 
of the Japanese atomic groups—the 
Hitachi group—has a past relation- 
ship with one of the British groups 
bidding on the power reactor: 
Hitachi is a licensee of Babcock & 
Wilcox for boiler manufacture. 

On the U. S. side, Mitsubishi has 
a long history of close affiliations 
with Westinghouse. It applied 
more than a year ago to the Ministry 
of International Trade & Industry 
for approval of an atomic licensing 
agreement with Westinghouse (NU, 
Aug. 57, 19; Nov., 18). But MITI 
has not given approval, shows no 
signs of it. The government's pol- 
icy, apparently, is to hold up long- 
range commitments until it has a 
more definite idea of which U. S. 
companies will take long-term atomic 
leadership. 

Another interesting situation is 
posed by General Electric’s relation- 
ship to Tokyo Shibaura (Toshiba) 
and Hitachi. Prewar GE was a 
substantial stockholder in Toshiba 
and Toshiba is generally known as 
GE’s licensee in Japan. But after 
the war, GE moved to license Hi- 
tachi for certain heavy electrical 
equipment items as part of its world- 
wide program to escape accusations 
of cartel agreements. Now spokes- 
men for both Toshiba and Hitachi 
say they will represent GE if and 


when GE-designed reactors become 


a factor in Japan’s atomic energy 


program. 

How fast these Japanese compa- 
nies move toward effecting alliances 
with the U. S. companies in the 
atomic energy field will depend on 
many factors. The need is obvious. 
Latest estimates by Japanese plan- 
ners predict that Japan’s demand for 
electricity will increase from 61.1- 
billion kwh in 1956 to 101.9-billion 
in 1962, to 185-billion in 1975. 


Power Expansion 

Japanese companies have sched- 
uled a total capacity of 29.3-million 
kw—including 15.5-million kw of 
thermal power—to be exploited by 
1975. Such expansion of power 
sources would call for the equivalent 
of 45.3-million tons of With 
her petroleum bill already running 
near $280-million for imports, or 10% 
of the total foreign exchange budget, 
Japan must make the most econom- 
ical use of her limited capital. Sev- 
eral recent excursions into Middle 
East have thus far failed to provide 
concrete results; in any case a Jap- 
anese government must consider 
carefully the kind of capital invest- 
ments required even for “cheap” 
Middle East oil in the face of that 
area’s political instability. Yet by 
1975, if present trends  , Japan 
will have to depend on foreign 
sources for 48% of the equivalent of 
the 271-million tons of coal it will 
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TABLE 3—Relationships in Developing Japanese Atomic Power 
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need. That is why the Japanese 
look at the economics of nuclear 
power with a considerably different 
point of view than American plan- 
ners. This is the background for 
Japan’s long-term, essentially four- 
point plan: 

1. Building as early as possible a 
Calder- reactor; 

2. Building a U. S. enriched- 
uranium, water-cooled reactor to 
produce half the atomic generated 
power by 1965. 

3. Gradually promoting a pro- 
gram of Japanese manufacture so 
that by 1967 Japan would be pro- 
ducing 93% of reactor equipment 
used in this country. 

4. Parallel with the domestic 
manufacturing plan, inaugurating a 
program, through JAERI, to build a 


24 


breeder — reactor for commer- 
y 


cial use by 1970. 

This is obviously an ambitious 
program in terms of capital expendi- 
ture, technology, and planning. The 
Japanese hope to overcome the first 
problem through the traditional pat- 
tern of Japanese government and 
private industry cooperation. In- 
deed, it is often difficult to tell 
where one begins and where the 
other leaves off (see Table 3). 

The Japanese also hope for help 
from the British and the Americans. 
The Calder-type power reactor will 
be built, they hope, by extensive 
credits from Britain. A total of 
about ¥3-billion ($8,333,333) is the 
estimated cost at this time of about 
one-third of the reactor to be built 
in Britain. An additional ¥5-billion 


($11.1-million) will be needed for 
fuel costs. The rest of the capital 
cost, the — hope, can be met 
in yen locally. 

There is, of course, no doubt that 
the Japanese will have to lean heav- 
ily on foreign firms for technical 
assistance during the early part of 
their program. But the experience 
of U. S. engineers involved in cur- 
rent projects is that Japanese tech- 
nology is capable of taking on the 
job of reactor construction after an 
initial training period. Indeed, one 
U. S. engineer feels that because of 
low Japanese labor costs, his ma- 
chinery is often fitted with compo- 
nents and installed with more care 
and skill than would be available in 
the West. Trained physicists at a 
higher level are harder to come by. 


AEC Boosts U Buying; 
May Authorize Export 


The Administration, trying to 
head off Congressional intervention 
in the uranium milling crisis (NU, 
March 58, 22), last month took two 
steps to ease the pressure for an ex- 
pensive government stockpiling pro- 
gram. 

With the consent of the ~~ et 
Bureau, AEC — lly reo e 
door it had closed last October to 
the construction of new milling ca- 
pacity, then renewed its promise to 
take a sympathetic look at the pos- 
sibility of cancelling the embargo on 
uranium exports under appropriate 
safeguarding. 

The sole purchaser of U. S.-pro- 
duced uranium oxide, AEC suddenly 
found itself last year with all the 
oxide it needed and, with the 
Budget Bureau breathing down its 
neck, declared a moratorium on new 
purchase commitments. The stop- 
order brought protests both from 
that portion of the industry which 
had gone too far to stop and from 
industry spokesmen in Congress. 

Under the threat of action by the 
Joint Committee on Atomic Energy, 
AEC conducted a study of the in- 
dustry’s problem areas and reported 
to JCAE that it was preparing to 
take on additional pur commit- 
ments equivalent to 3,300 tons per 
day of new U milling capacity—and 
perhaps a little more eventually to 
meet further inequities. Mining 
areas cleared for the new mill con- 
struction were: southeast Texas, 600 
tons/day; North and South Dakota, 
600; Wyoming, 1,700; Colorado 
front range, 200; and Nevada 
(Austin), 200. 


May, 1958 - NUCLEONICS 





World News 


Japanese Firm Enters World Graphite Market 


Showa Denko Kabushiki Kaisha, a leading Japanese 
chemical, aluminum and graphite firm, is ready to enter 
the world market for reactor graphite. Tatsuo Saito, 
managing director, will explore sales potentials during a 
trip this month to the U. S. and Britain. He says the 
company’s product has been certified for reactor use by 
both countries and France. 


Japanese Seeking Fuel in Thailand, U. S. 

Komatsu Seisakujo, a Japanese scientific equipment and 
weapons stewart will exploit Thailand sleposits of 
monazite to produce thorium oxide, cesium and other 
rare elements, and is planning a pilot plant there. The 
firm has also pr for Thai uranium (NU, Feb. 
"57, R11). . . . Japan is negotiating for seven tons of en- 
riched uranium from the U. S. to fuel U. S.-designed 
research reactors, Japanese State Minister Matsutaro 
Shoriki revealed. 


France’s EL-3 Reaches Full Power 


The $10-million research reactor EL-3 at Saclay, France's 
nuclear research center, has attained its design output 
of 10-Mw(th). yore grog (8 x 10”) materials test- 
ing reactor went critical last July (NU, July ’57, 27), 
will also make isotopes. It is fueled with slightly-en- 
riched uranium from Britain, moderated and cooled with 
heavy water from the U. S. 











ENEA Considers Reactor in Britain 





Under sponsorship of OEEC’s European Nuclear ee | 


Agency, a meeting of nuclear scientists (wi 
Euratom also represented) month studied a British 
offer for joint construction of an experimental reactor in 
the U. K.; a recommendation is due by June 1. Also 
studied: the plan for ENEA to take over operation of 
Norway's new boiling reactor at Halden (NU, Jan. ’58, 
21); this is to be by further talks in Oslo. 


Two British Consortia in Deal 

Babcock & Wilcox Ltd., a leading member of one of 
Britain’s four original nuclear power-station-building 
syndicates, has signed an agreement to design, manu- 
facture and erect reactor pressure vessels for the fifth 
consortium, Atomic Power Constructions (NU, Feb. 
57, R11). 


France Going Ahead on Diffusion Plant 


Long under consideration (NU, May ’57, 21), France’s 
plans to build her own gaseous diffusion plant for enrich- 
ing uranium are reportedly moving ahead. The move 
follows an unpublicized rejection last December by 
Euratom of a French proposal for joint construction of 
a European separation plant. Germany and the Benelux 
countries protested the project was too costly and that 
European needs for enriched U could be supplied 
cheaper from the U. S. Italy, on the other hand re- 
portedly agreed to help finance the French project, and 
would get 5-10% of the facility’s ag 2a) In France, too, 
there is opposition from those who feel the cost of a dif- 
fusion plant—unofficially believed to be about $60-mil- 
lion—is too great a strain on France’s economy. But 
those who feel France must have her own source of U?** 
—whatever the cost—to be industrially and militarily 
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independent now have the upper hand, and informed 
sources say a decision will be made in July on the site 
for a plant capable of handling 500 tons of natural 
uranium. § ing this trend is the success of French 
efforts—independently, without U. S. or British informa- 
tion—to achieve uranium tion by gaseous diffusion, 
in a pilot cell at Saclay. is is believed to use a new, 
unknown membrane material just as effective as ceramic 
but “a good deal” cheaper. The pilot cell has been 
working since late 1957; eleven more are nearing com- 
pletion to verify cell series circulation and output. 


Harwell Unveils Homogeneous Critical 

Hazel (Homogeneous Assembly, Zero ) has been 
placed in operation at Harwell. Hazel uses enriched 
ae ees rn eee nee ee 
water moderator. An earlier Harwe , ZETR 
(Zero Energy Thermal Reactor), was to study fuel 
suspended in light water. 

Dutch Plan Agricultural Reactor 


The Netherlands has decided to build a research reactor, 
for operation in 1961, to study the life-processes of plants 
and animals and to advance agri . 

tor will be the Institute for the Application of Nu- 
clear Energy in Agriculture at Wageningen near Arnhem. 








Venezuela, Australia Put Isotopes to Work 


Venezuela has hired Nuclear Science & Engineering Co., 
Pittsburgh, to trace the drift of silt and sand at a pros- 
pective site—Moran, on Golfo Triste. The firm will 
use radioactive scandium oxide during a two-month 
study to determine whether the silt is controllable and, if 
so, where to place breakwaters . . . Australia is using 
radioactive iodine mixed with stable iodine to gage the 
size need for artificial lakes to cool huge coal-fired power 
stations—up to 1,000 Mw(e). 





‘Many Tenders’ for Gas Reactor, Briton Says 


“Practically every country in the world is interested” in 
the U.. K.’s_ gas-coo Bg. pte reactor, 
A. L. G. Lindley, an official of General Electric Co. of 
England, asserts. He reports “many inquiries” seeking 
tenders for complete power stations within the next six 
months, with 5-6 already in the active discussion stage. 
GEC has recently completed an expansion of its moan 9 
development facilities at Erith, Kent. New facilities in- 
clude a beryllium lab to exploit the potential of Be for 
fuel cladding at temperatures over 1,100° F. 





Canada, Switzerland Sign Bilateral 


Canada and Switzerland have signed an a t clear- 
ing the way for exchange of nuclear information, mutual 
access to installations, sales of materials and equipment, 
and eventual Swiss purchase of Canadian uranium. 
Ratification try Swiss Parliament is ted routinely. 
.. » Switzer has added $2.5-million to its 1958 nu- 
clear research program plus another $1.1-million for lab 
equipment for the nu research center at Wiiren- 
lingen. Later this year Berne will consider a 5-year, 
nuclear development plan now under study. 





ACF Gets License for Swedish Reactor 

AEC gave notice last month that it would license ACF 
Industries about May 10 to ship a 30 Mw/(th) testing- 
research reactor for Sweden’s Atomic Energy Co. 
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Reactor News 


LATE REACTOR NEWS HIGHLIGHTS 

AEC has approved as a basis for contract negotiations 
the p of Carolinas-Virginia Nuclear Power Asso- 
ciates for a 17-Mw(e) heavy water reactor . . . The 
Engineering Test Reactor, after initial troubles (NU, 
co 58, 102), is now operating at full design power 
level, 175 Mw(th). ... American & Foreign Power 
Co. has indefinitely postponed plans to set up two GE 
boiling water reactors and an Atomics International or- 
ganic moderated reactor in Brazil, Cuba and Mexico. 
A&FP told JCAE original cost estimates were “far too 
low.” . . . AEC has lifted its 20% enrichment ceiling on 
uranium shipped abroad for research reactors, will “con- 
sider requests for highly-enriched fuel.” 


THIRD PRIVATE TEST REACTOR SET... 

A third privately-owned test reactor was scheduled last 
month by Industrial Testing Reactors, Inc. The newly- 
formed Charlotte, N. C., firm said it would begin con- 
struction by about July 1 on a $12-million, 50-Mw(th) 
light-water test reactor, located on a 15-acre site 12 mi 
east of Wadesboro, N. C., on the Pee Dee river. Gen- 
eral Electric will supply the reactor; i: A. Jones Con- 
struction Co. of Charlotte, whose president is one of five 
founders of ITR, is general contractor, and Ralph M. 
Parsons Co., Los Angeles, will serve as consulting engi- 
neer. The Jones firm has been interested in building a 
testing reactor for a long time (NU, Aug. ’55, 10). 
Target date for start of operations is April 1960. Similar 
to but larger than GE’s GETR, now building at Valle- 
citos, reactor will have a fully-enriched, 31-plate core in 
a pool serving as shield and coolant; irradiation facilities 
will be provided both in the core and the pool. ITR 
estimates another $8-million will be spent for special 
auxiliary facilities to be built on adjacent land leased to 
reactor users. 


. -- AS TWO EARLIER ONES ADVANCE 

GE has received an AEC construction permit for its 30- 
Mw(th) test reactor, GETR, as well as an allocation of 
154 kg fully-enriched uranium. Westinghouse has as- 
signed Holmes & Narver, Los Angeles, to conduct a 
hazards evaluation study of its 20-Mw/(th) test reactor, 
WTR, now going up at Waltz Mill, Pa., near Pittsburgh. 
The study will cover vessel rupture, chemical reactions, 
origin of forces and their magnitude, and structural and 
site analysis. 


FUEL LEAK FORCES SHUTDOWN OF HRE-2 


AEC’s Homogeneous Reactor ay werepcee No. 2 at Oak 
Ridge was shut down for repairs last month shortly after 
having been brought to 5-Mw/(th) full power when “fuel 
from the main core system was found to be transferring 
to the blanket heavy-water system.” Oak Ridge Lab 
Director Alvin Weinberg told the Joint Committee that 
HRE-2 had run at full power for a whole week, and 
“somewhat exceeded the fi design power of 5 Mw(e)”; 
it “behaved beautifully,” he said, until “we noticed that 
the level of the fuel in the main circulating system sud- 
denly began to drop.” Investigation showed there is a 
leak in the inner zirconium vessel in the neighborhood of 
a welded section. Oak Ridge now will run HRE-2 as a 
single-region system with core and blanket regions mixed, 
but its to demonstrate homogeneous breeding 
appear to be: doomed for now: Weinberg told JCAE, 


26 


“We were disappointed that this first zirconium tank ever 
built proved to have such a short life.” 


DRESDEN SAFETY SPHERE PASSES TESTS 


The 190-ft containment sphere at Dresden has passed 
its pressure tests and two temporary openings have been 
cut for passage of material and equipment. The 1.4-in. 
thick, 3,500-ton shell was filled with compressed air to 
37 psi—25% above design pressure of 29.5 psi. 


TRAINING REACTOR FIELD ACTIVE 


Aerojet-General Nucleonics shipped its first AGN-211, 
which it calls the first portable pool-type reactor, to the 
Brussels Fair by airfreight. It is sg tt to AEC for 
seven months. Capable of operating at 100 watts con- 
tinuously, at 1 kw intermittently, the AGN-211 first went 
critical Feb. 13 with only 780 gm contained U**5, 
. . - ACF Industries unveiled its Model 605 training re- 
actor, second in a new line of low-power pool units. 
The first, introduced last fall (NU, Dec. ’57, 25), has a 
power of up to 10 watts; the second, up to 10-Kw(th). 
The 605 is expected to cost $180,000—-185,000 installed 
including shielding and instrumentation, requires only 
standard utilities, and can be installed in existing build- 
ings with only special footings for the concrete shielding 
needed. . . . Minneapolis-Honeywell has sold four re- 
actor simulators to West Virginia, Minnesota, Oklahoma 
and Wayne State (Detroit) universities. 


SRE CORE-LOADING EXPERIMENTS PLANNED 


An elaborate core testing program for the Sodium Re- 
actor Experiment has been worked out, to develop high- 
performance fuel elements that will cut operating costs 
in large sodium power plants. Present laine is ~3,000 
kg uranium, 2.78% enriched; criticality was reached with 
33 elements but power tests to date have used the full 
loading of 43 elements. The thorium-uranium alloys 
are to be tested for thermal breeding feasibility as well 
as pushed to 1,800° F in metallurgical and radiation- 
damage tests. A new loading of 30 elements of 7.6% 
(wt) Th-U, similar to the present elements but with 
simplified hardware, and seven experimental elements 
of 2.78%-enriched U, will be inserted late this year. 


FORMOSA BUYS GE RESEARCH REACTOR 


General Electric will install a 1-Mw(th) pool research 
reactor early next year at National Tsing-Hua Univ., 
Taipei, Taiwan (Formosa). The reactor will use 20%- 
enriched uranium, with the core suspended from a bridge 
movable to either of two pools. Similar to the pools 
GE is building for Spain and Venezuela, it is to be com- 
pleted early in 1959. 


GE COMPLETES FUEL-ELEMENT EXPANSION 


General Electric’s Atomic Power Equipment dept. has 
completed a $1.5-million addition to its nuclear fuel pro- 
duction facilities, San Jose. The new facility, capable 
of producing 300,000 uranium oxide pellets a month, 
gives APED separate fuel-element plants for power and 
research reactors. Total investment in the Fel plants 
is now $2.5-million. 


FLYING REACTOR MOVED TO OAK RIDGE 

The world’s first flying reactor, the 1-Mw Convair porta- 
ble pool installed in a B-36 bomber for shielding tests 
(NU, Jan. ’58, p. 58), has been transferred to Oak Ridge 
where it will a hung from the 300-ft towers of * ol 
Tower Test Facility. There it will serve in a study of 
radiation patterns, for use in designing crew compart- 
ments of nuclear planes. 
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News in Brief 


AEC’s Isotope Prices Slashed 90-99% 

The price reductions waren - by AEC in ae ON U, 
April 58, 24), made i ter anticipated pro- 
Section at the new Osk Ridge Multiourie Fission Product 
plant, cut costs sharply from those formerly in effect. 
Cesium-137 is cut from $14 to $1-$2 per curie; prome- 
thium-147 from $500 to $1.75-3.25; cerium-144 from 
$1,000 to $1-2; strontium-90 from $500 to $5-10; tech- 
netium-99, formerly $1,000 per millicurie, is now $80- 
140/me. 


Action Taken on Nuclear Icebreaker, Cargo Sub 

The House Merchant Marine Committee has authorized 
construction of a nuclear-powered icebreaker for the 
U. S. Coast Guard; next would be consideration 
by the House itself and the Senate, then a similar round 
of votes on initial appropriations . . . The Maritime 
Administration has aw Aerojet-General Nucleonics 
a $36,620 research and development contract looking 
toward possible construction of a subsurface cargo ship, 
employing water-jet propulsion. Demonstration of this 
propulsion system would be followed by an adaptation 
study of nuclear power for the craft. The Aerojet con- 
tract covers first-phase study only. 


7 Lines Seek to Run Savannah; Simulator Bought 


United States Lines, Moore-McCormack Lines and 
American President Lines were among the seven ship- 
ping firms that have expressed interest in operating the 


N.S. Savannah when she -_ into operation in 1960 


(NU, April ’58, 27). other lines are Farrell, 
Pacific-Far East, Isbrandtsen and States Marine... 
Meanwhile Westinghouse got a $180,230 contract from 
the Maritime Administration to design and build an elec- 
tronic simulator of a nuclear ship-propulsion system, for 
training Savannah’s crew. Twelve firms bid. The ma- 
chine, to be delivered in April 1960, will also be used 
for study and training in connection with later nuclear 
merchant ships. Savannah’s keel will be laid May 22. 
Meanwhile AEC approved as basis for negotiations a 
proposal by General Electric to develop an improved 
second core for Savannah. The 18-24-month develop- 
ment and fabrication job would cost an estimated $1.8- 
million. The second core will serve as a spare, later re- 
place the first core. Work is expected to start at once 
in GE’s San Jose plant. 


ANS Gets New HQ, New Secretary 


The American Nuclear Society is moving its headquarters 
from Oak Ridge to Chicago July 1, where it will be 
housed in the John Crerar Library (86 E. Randolph St.), 
an AEC repository library for atomic literature. Having 
grown to 3,000 members since incorporation in June 
1955, ANS felt the need of a more central location. 
Octave J. DuTemple has been named ANS’ first full- 
time executive secretary. The Argonne chemical engi- 
neer replaces W. W. Grigorieff, who had served as part- 
time secretary and who leaves for a post with the Inter- 
national Agency in Vienna. 


Atom Attracts New Firms, Others Expand 

American Bearing, Indianapolis, entering the fuel-ele- 
ment research and production business, is a bidder to 
supply the fuel elements for Power Reactor Develop- 
ment Co.'s Fermi reactor . . . Wesson Metal Corp., 
Louisville, plans a $500,000 metals research lab for work 
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on nuclear devices for missiles . . . Varian Associates, 
Palo Alto, has formed a radiation division “geared to be- 
come a major manufacturer” in the field of particle accel- 
erators . . . Rocket-Valve Corp., Denver, intends to 
invest $500,000-plus this year in lab and production 
equipment to design and manufacture low an en tg 
valves for the nuclear aircraft, missile and oil industries. 


Texas U. Studying Crude Oil Irradiation 

George W. Crawford, Texas Univ. physicist, is directing 
a research effort to reduce the viscosity of crude oil by 
low-level cobalt irradiation. Object: to convert heavy 
un crude (up to 1,000 heavier than normal 
crude) into oil light enough to be pumped to the sur- 
face. The long-term lab program will try to establish 
how long it takes to lighten oil. 


PG&E to Nuclear Power by 1965? 

Much of the thermal capacity built by his company to 
produce electricity after 1965 will be nuclear, predicted 
Walter Dreyer, vice president and chief engineer of 
Pacific Gas & Electric, at a management seminar on the 
economic potential of atomics in Northern California. 


AEC Donates 32-Mev Accelerator to USC 


The U. of Southern California will take title this month 
to the $1-million, 32-Mev proton linear accelerator built 
for AEC by the Univ. of California Radiation Labora- 
tory, Berkeley branch. The transfer comes after months 
of preparation at the USC campus. 


AEC Names New Research Head 

John H. Williams, Minnesota Univ. physicist, has been 
named head of AEC’s Research Division, a post vacant 
since Thomas H. Johnson resigned Oct. 1. (Eugene 
Booth had been named but could not take the job: NU, 
March ’58, 18). Williams is director of the proton 
linear accelerator project conducted at Minnesota Univ. 
for AEC, and a former president of Midwestern Univer- 
sities Research Assn. (MURA). 


Food Irradiation Program Moves on Two Fronts 

A 2-million-curie cobalt-60 gamma facility, designated 
HI-FI (for High Intensity Food Irradiator), will be built 
by AEC and the Defense Dept. at the projected Army 
radiation center at Sharpe General Depot, Lathrop, 
Calif. Proposals to build the machine are due May 16. 
The facility, which replaces FIR (Food Irradiation Re- 
actor) dropped in October (NU, Nov. ’57, 22), is in 
addition to a linear accelerator Varian is building. The 
center is to be completed by mid-1960. . . . AEC’s 
Savannah River plant, operated by duPont, has entered 
the food irradiation program: it will expose food to spent 
fuel-element gammas for the Army Quartermaster Corps. 


World Instrument Market—$47-Million in 1958? 

The world market for nuclear instruments this year is 
estimated at $47-million by Ernest H. Wakefield, presi- 
dent of Radiation Counter Laboratories—U. S., $40- 
million; U. K., $3-million; continental Europe, $2.5-mil- 
lion; Japan, $800,000; Canada, $300,000; rest of free 
world, $400,000. 


ANS Plans First West Coast Session 

The American Nuclear Society will hold its fourth annual 
meeting—its first on the West Coast—in Los An " 
June 2-5 (Statler Hotel). Some 190 papers will be 
presented at 24 sessions; ial sessions include one on 
radiation damage in metallic fuels, another on shielding. 
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Work-in-Progress Curve NUCLEONICS Statistics of the Month 


Refined, Revised ie 


A revised and refined set of 
curves showing expenditures for ci- 
vilian atomic energy development 
are presented this month by NucLE- 
ONICS. 
The job of refining has been un- 
derway intensively for more than 
four months. The curve previously 
shown was based on figures sup- 
plied by Construction Daily; these 
were quite highly accurate, but re- 
flected certain differences of inter- 
est between that publication and 
NUCLEONICS. 
The new curves at right separate 
Federal and private expenditures. 
The former includes ANP costs, and 
the Navy program which accounts 
in large part for the steep rise of the 
curve in recent months. The latter 
totals private funds spent for civil- 
ian atomic energy regardless of 
whether an amount represent in- 
come to a given company (like sale 
of a research reactor) or expense 
(like building a private critical fa- Nuclear Contracts*— 
cility). ang RN eo aoe Contracts awarded for federal projects ($10*) 
ee ee ice meme ve A Proposed construction, privately-owned ($10*) 


are part of a specific project that ; 
hes suede’ qusatnastion stage: Contracts awarded, private work ($10) 
Backlog of private projects ($10°) 


thus, for example, research-develop- 

ment money spent for Shippingport al 

is included, bout paper aad Gn Aantte J are 

gas-cooled reactor projects are not. Access permits issued 12 

The entire initially-estimated cost of Total access permit holders 1,402 

a proj is entered at the month 

hes " dilidvedion begins; incre- wetepe — : 

mental costs, if any, are added when Applications for isotope use 564 328444 

they become known, and total cost Cumulative total of isotope users 3,512 3,889 

is subtracted in the month of com- Oak Ridge National Laboratory shipments 1,300 1,162 1,284 

pletion. Thus the curves represent Public and private export shipments 449 252 185 

total value of projects in progress. 
As all workers on industrial sta- Employmentt— 

tistics will recognize, 100% complete AEC employment 6,831 6,787 6650 

and perfect statistics in this field are Construction and design contractors’ employment 9,973 10,181 14,143 

an ideal to be approached but never Total operating contractors’ employment 100,559 100,067 94,520 

attained, unlike such relatively sim- Production workers 50,516 50,229 50,652 

ple factual statistics as automobile Research and development employees 43,980 43,651 38,128 
ths or temperature and rainfall. Miscellaneous workers 6,063 6,117 5,740 


scam. pees k books on a divi- 
sional, not topical basis; they are re- Operating Building Contracted 
luctant to publish figures, for com- U. S.-built Reactors¢— 
petitive reasons; AEC regularly uses Power, domestic 
operating-budget funds for fabrica- 
tion and minor construction; and a 
host of other similar considerations 
lem. nave Pact a grandee a4 Research and test, domestic 
sents these curves with confidence Research and test, for export 
that they represent a faithful mirror Foreign-built Reactorst— 
of the gro of the civilian atomic Power, domestic 
industry. We will continue our ef- Power, for export 
fort to improve and refine these sta- Research and test, domestic 25 
oe ee a — emegieie and test, for export 4 
—The Editors * From Construction Daily, a McGraw-Hill periodical {From AEC {¢ nucizomics figures 
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Power, for export 
Power experiments and pilot plants 
Military and naval 





THE = OF YEARS OF EXPERIENCE 


AND A 


SIX MONTH USER SURVEY 


® We surveyed multi-channel analyzer users to find 
t what they wanted in an analyzer. The results of 


this survey, combined with our years of research and Vhe improved 


nanufacturing experience in the multi-channel ana- 
yzer field, have enabled us to produce what we con- R C L y J 5 re) 

ler the finest analyzer on the market today—the 
mproved RCL 256. 

Our customers not only helped us develop the ( “ A N N E L A N A LY 1 E R 
RCL 256 but also this ad—much of which is com- 
osed of excerpts from our survey of current RCL 





users 


Typical Uses of the RCL 256* 


low level gamma counting . . . fission product and fallout 
ysis alpha pulse spectrometry ... X-ray absorption co- 
ent determinations . . . shielding evaluation . . . isotope 
tification Mesonic X-ray energy measurement... Na*™ 
K* spectra with a human source... neutron time- 
flight studies . . . recording coincidences between protons and 
ctrons in neutron decay . . . investigation of gamma-ray spectra 
olved im proton capture . . . two crystal Compton coincidence 
gamma-ray spectra experiments . . » three crystal pair productio n 
gamma-ray spectra studies’’ . . . ad infinitum 
Actually, uses of the RCL 256 are as numerous and varied as 
customers. The RCL 256 may be the solution to your radia 
mn measurement problems. Call RCL or your nearest RCL repre 
ntative collect. Their phone numbers are listed at the bottom of 
tl page 


Improved RCL 256 Offers You These Advantages 
Proven Reliability. The reliability of the RCL 256 is best attested 


by its users. Over one-third of them now use more than onc 
RC L 256. In fact, some laboratories use from four to ten RCI 
Channel analyzers and consider them indispensable 

Pre- set Time to 27 Hours. Extremely reliable dead-time correction 

bles the RCL 256 to operate automatically from 100 seconds to 

I “Live Time” (elapsed time less dead-time). When 

256 is used in automatic pre-set time, the background 

y be counted for a period of “Live Time’’ equal to the original 
and automatically subtracted from the original run data. 

Fast Readout. All channels are printed out in one minute (five 

hannels per second). 

Le garithmic Readout on cathode ray tube and strip chart re 
der. Completely transistorized log converter assures reliability 

Completely Integrated System. Scintillation high voltage supply 

linear amplifier are built into the basic instrument 

De livery within 30 to 60 Days. 

Free Installation. To make certain your analyzer functions prop- 
y, RCL engineers install it for you. They also demonstrate and 
truct you in the instrument's operating procedure. 

Minimum Down-Time. All RCL instruments and products are 

guaranteed against defective materials and workmanship. In 
idition, the service and “know how’’ of RCL’s field engineers 
ilways available. This service is provided free the first year 


Complete Survey Results Now Available 


RCL 256-Channel User survey containing their opinions, op 
ting problems, analyzer uses, suggestions for improvement, et 
been published unedited. Write RCL today and find out what 

think of the RCL 256-Channel Analyzer 


& 
SALES and SERVICE REPRESENTATIVES 


ston, Mass Decotur 2-2800 Fort Worth Walnut 6-4444 
ew York Albuquerque Amherst 8-2478 
Ramsey Denver Pear! 3-2742 
r Davis 7-2506 Los Angeles Richmond 
Ridgeway 7-040! 
7.6677 Palo Alto Davenport 
3-4455 RCliac 32 and 128 
Seattle Emerson 2-0956 Available in 
Toronto, 
Jefferson 4-3500 Ontario Axminster October 
Park 2-3223 (Agincourt) 3-7011 
Jackson 5-0238 Sao Paulo, scientists who desire the 
Franklin Brazil 61-6133 ultimate in reliability, which 
2-8028 Brussels, transistorization provides, we 
lvanhoe 1-6200 Belgium 20.15.06 ecommend the RCLiac 32 
Tokyo, Japan und the RCLiac 128. These 
Liberty 9-3910 Havana, Cuba ombination scaler-analyzers perform every operation from gross count 
Locust 1-6803 Hawaii ne through scintillation-spectroscopy. Numbers are presented on a 
Spring 4-3610 London, sthode ray tube, making electro-mechanical printers unnecessary 
Kansa Fleming 3-2973 England Victoria 3243 Plug-in module construction precludes obsolescence 


RADIATION COUNTER LABORATORIES, Inc. Nucleonic Pork SKOKIE, ILL. 


ORchard 3-8700 


SATA SVE CD 


seeee 
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THE PEACEFUL ATOM 


«e-can propel a ship one year without refueling 


New Study Shows 
Nuclear Power May Be 
Practical and Economic 
for Merchant Ships 


Some gray dawn in the early 1960's a 
heavily laden supertanker will shoulder 
her way through the steep Atlantic 
swells to a landfall in Delaware Bay. 
She'll be homeward bound for Philadel- 


z = s — * 

For Snips Like THis... 
No more dependent on thousands 
of tons of payload-stealing fuel oil, 
tomorrow's ships will range world- 
wide frade routes without refueling 


phia, 19 days out of Kuwait with nearly 
40,000 tons of oil. 

In the last twelve months she will 
have made eight trips to the Persian 
Gulf hand running. Now at last she is 
due for her annual refit...and her 
annual refueling. 


Competitive at sea 

A nuclear power plant for a ship of this 
type was the subject of a study recently 
completed by Atomics International 
for the Maritime Reactors Branch of 
the Atomic Energy Commission. Costs 
of building and operating a vessel 
powered by an Organic Moderated 
Reactor were compared with those for 
an oil-burning ship—a typical modern 
supertanker of some 38,000 dead- 
weight tons. 

Total costs for the OMR tanker, 
depreciated over 20 years, were only 
moderately higher than for today’s con- 
ventional ship. But costs for oil-burners 


are on their way up, with steadily rising 
fuel prices seen from now on—whereas 
the cost trend for the OMR is down- 
ward, as nuclear technology is im- 
proved. An OMR tanker has greater 
cargo capacity because its fuel takes up 
little space. And it needs refueling less 
than once a year. 

Bigger payloads, longer hauls, faster 
turn-arounds—this is the new pattern of 
operation. Shipowners can begin plans 
right now, for the Organic Moderated 
Reactor promises to put the atomic mer- 


Another OMR power station is planned 
for a Latin American country. 


First OMR now in operation 

All this stems from the results being 
achieved with the Organic Moderated 
Reactor Experiment, conducted by 
Atomics International for the Atomic 
Energy Commission. The Organi¢ Mod- 
erated Reactor Experiment is being 
carried on at the AEC’s National Reac- 
tor Testing Station in Idaho to estab- 
lish the basic engineering data for this 


... ATOMIC ENGINES LIKE THIS 


Al's Dr. A. B. Martin shows on this OMR tanker model how the compact power 
plant will free thousands of cubic feet of fuel space for revenue-producing cargo. 


chant ship on asound commercial basis. 
Versatile on land 

The same features that make the OMR 
applicable for seagoing use are also in 
its favor for central power stations 
ashore. The basic simplicity and safety 
of this system point to economic 
nuclear electricity for many areas of 
the world today. 

Plans are already underway to build 
an OMR plant in Piqua, Ohio, which 
will increase the city’s electrical gen- 
erating capacity by 12,500 kilowatts. 


type plant. Atomics International is also 
operating the Sodium Reactor Experi- 
ment, a nuclear power project for the 
AEC. Another power reactor concept, 
the Advanced Epithermal Thorium 
Reactor, is under study for the South- 
west Atomic Energy Associates. Al 
research reactors are now operating in 
Japan, Germany, Denmark, and the 
United States. Another is being built 
for Italy. ATOMICS INTERNATIONAL, 
P.O. Box 309, Canoga Park, Calif. 
Cable address: ATOMICS. 


ATOMICS INTERNATIONAL 


A DIVISION OF 
PIONEERS IN 


NORTH 
THE CREATIVE USE OF THE ATOM 


AMERICAN AVIATION, INC. 
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Van de Graaff electron accelerator recently installed at Shell’s Emeryville Research Center 
is one of the most powerful sources of radiation available to industry. 


a radiation-resistant grease for 
commercial nuclear applications 
SHELL APL GREASE 


Nuclear applications bring new com- 
plexities to the field of industrial lubri- 
cation. Not only is the lubricant 
required to withstand unusual service 
with respect to temperature, speed, 
load and oxidation, but it is also ex- 
posed to the damaging effects of neu- 
tron and/or gamma or beta radiation. 


To meet this challenge, Shell Re- 
search has developed a practical 


radiation-resistant grease for use in 
nuclear reactors and their component 
parts... Shell APL Grease. 

In Shell Laboratories, comprehen- 
sive tests have been conducted with 
the aid of a three-million-volt electron 
accelerator, one of the most powerful 
radiation sources in industry. 

Gamma ray tests have shown that 
APL Grease will withstand an accu- 


mulated dosage of 1 x 10° roentgens. 
Another valuable finding reveals that 
APL Grease has superior thermal 
stability ... it lubricates efficiently 
at 300 degrees Fahrenheit. 


APL Grease is further proof of Shell’s 
leadership in lubrication technology— 
and your assurance that Shell Re- 
search is ever vigilant to the pulse of 
industry progress. 


SHELL OIL COMPANY 


SO WEST SOth STREET, NEW YORK 20, NEW YORK 
100 BUSH STREET, SAN FRANCISCO 6, CALIFORNIA 
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When is a bargain 
not a bargain? 


If your supplier neglects any one of nine important steps 
in the production of stainless steel plate his product may 
not be a bargain for you. 

The wise buyer of stainless steel plate and plate prod- 
ucts insists upon the solid service and sound methods of 
production that are identified with G. O. Carlson, Inc. 


GO GINRASOM Zc 


Stainbss Steck Exclusively 


138 Marshalton Road 
Thorndale, Pennsylvania 














District Sales Offices in Principal Cities 


@ Composition of each melt rig- 
idly controlled to come well 
within the specification; with 
carbon always reported to the 
third decimal. 


@ Adequate trimming of both 
the hot top and butt end after 
the slab is rolled to guarantee 
sound material. 


@ Removal of all surface imper- 
fections before the slab is rolled 
into plate. 


@ Annealing and rapid cooling 
of every chromium-nickel plate 
to produce material with the 
greatest corrosion resistance. 


@ Careful in-plant handling to 
minimize blemishes and imper- 
fections. 


@ Close inspection of finished 
plates and the removal of 
minute flaws. 


@ Shearing, sawing, abrasive 
and flame cutting held to close 
tolerances to minimize costly 
machining and fitting in your 
plant. 


@ Rigid inspection of work 
throughout entire production 
cycle. 


@ Prompt, on-time delivery to 
maintain your production 
schedules. 


PLATES « PLATE PRODUCTS + HEADS « RINGS « CIRCLES « FLANGES « FORGINGS « BARS and SHEETS (No. 1 Finish) 
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NEUTRONS 
GAMMA RAYS 
X-RAYS 


are accurately measured by the 


Landsverk Model L-49 200 MREM 


Thermal Neutron Dosimeter 


Write Dept. N for technical data. 


Landwerk Electrometer Company 


641 SONORA AVE., GLENDALE 1, CALIFORNIA 


FIRST NAME ITN DOSIMETERS FOR MORE THAN A DECADE 
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you can fe > 


the difference in the 
CRL system 


The “sense of feel’’, the versatility, the uncompromising 
workmanship . . . all are found in every CRL Manipulator. 
Research and production organizations all over the world 
are using these units for handling radioactive materials, ex- 
plosives, and hazardous chemical and biological materials. 
Natural motions of the operator’s hands are copied exactly 
at the slave end. The “‘sense of feel” helps the new operator 
to become perfectly competent with practically no train- 
ing period. Handles are adjustable to comfortably fit a wide 
range of hand sizes. 


CRL 
Model 4 


for over-wall 
installation 

A general purpose 
manipulator for 
installation over a 
barrier wall or through 
a ceiling opening of 

a protective 

enclosure. 


CRL 
Model 7 


for restricted space 
installation 

A space conserving, 
light weight 
manipulator for use in 
hoods or over thin 

walls where minimum 
clearances and easy 

_ portability are 
important factors. 


CRL Model! 8 central research manipulators 
, ; basic A National Laboratory desi 
for thru-wall installation em Cas Sages Sears y design 


A general purpose manipulator for 
installations requiring intermed- 
iate to high level shielding, the 


Model 8 features write today for complete information to: 


@ Accurate “‘sense of touch’? Low 


friction forces . . . low back- 
lash . . . low inertia 

@ Greater versatility A variety of 
tools, tongs and locking motions 


assay laboratories, inc. 
@ Easier sight control Operator 
need not step back to bring Red Wing, Minnesota 
materials to barrier window Dept. 102 
@ Ease of relocation Can be with- 
drawn and moved by one man 
in five minutes with a light crane 
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Cranes and hoists For moving 
heavy loads in hot cell areas 
by remote control. They are 
specially designed by CRL for 
use with CRL manipulators. 


Flexible booting Protects slave 
end from dust and contamina- 
tion. Restricted gas-flow seal 
possible. Won’t interfere with 
manipulator’s natural move- 
ments, 


Special-purpose tongs For repe- 
titive or highly specialized 
operations. Wide selection of 
types to meet all requirements. 


accessories 
for master-slave 
manipulators 


Load hook Available for CRL 
Model 8; may be remotely at- 
tached or removed. Permits a 
vertical lift of 60 lbs, 


Motion locks Permit objects to 
be rigidly positioned in space. 
Locking grip standard on all 
models. Locks for all other mo- 
tions available as accessories. 
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Nuclear Instrumentation and Control Systems for Power Reactors, Test Reactors, Marine Propulsion 


from a decade of nuclear pioneering .. . 


Instrumentation for Every Atomic Need 


Plowback of Earnings into research, development and engineering has been an established policy at West- 
inghouse since its founding. This research program led to the development, over 10 years ago, of extensive 
atomic studies to find the most practical techniques for harnessing nuclear power. The experience gained 
in early atomic programs has made this field an established industry at Westinghouse. 


Coupled with this research leadership, years of engineering, design and manufacturing know-how enable 
Westinghouse to produce the only complete line of nuclear control and instrumentation equipment. 


Westinghouse engineers have the practical nuclear experience to help you — whether your project be com- 
mercial power plant, marine propulsion or test reactor. 


For further information and a copy of our nuclear control and instrumentation booklet (B-7233), write 
to Westinghouse Electric Corporation, Nuclear and Marine Sales, P.O. Box 868, Pittsburgh 30, Pa. j-so9s3 


you CAN BE SURE...1F its Westinghouse 


NUCLEAR CONTROL ANO INSTRUMENTATION 
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scientists and engineers 


NUCLEAR CAREERS NOW 


in worldwide reactor program 


Openings at all experience levels 


Degree essential. Experience as required. 

Preliminary analysis: Conduct preliminary analysis and design of over- 

all power reactor systems and components. 

Shielding analysis: Advanced studies and analysis on stationary and 

mobile plants. 

Systems analysis: Engineering direction on reactor plant design. 

Control analysis: Reactor kinetic and overall nuclear power plant control. 
ANALYZE Hazard analysis. Analog and digital computers. 

Core analysis: Includes criticality, temperature, void and power coeffi- 

cients, control effectiveness and fuel cycles. 

Stress analysis: Structural, thermal, and dynamic stress analysis of high 

temperature reactor systems. 

Heat transfer analysis: Reactor systems— dynamics and thermo-dynamics 

of fluid flow. 

Operations: Foreign and domestic—for checkout, start-up and training. 


Requires related experience and applicable degree. 
Instrumentation and control: Physicists and EE’s for design and develop- 
ment of advanced design vacuum tube, transistor, and/or magnetic ampli- 
fier control and instrumentation components. Design and analysis on reac- 
tor control systems, using stability and transient response techniques. 

DEVELOP Fuel elements: Metallurgists for R&D on nuclear fuel materials, including 
radiation effects, evaluation of uranium and thorium alloy, and ceramics. 
Also for mechanical fabrication development for these materials. 
Nuclear fuel reprocessing: Inorganic and physical chemists for develop- 
mental studies and experimental work. Experience with radio-active mate- 
rials and high temperature processes desirable. 
Senior openings. Degree required. Nuclear experience preferred but not 
essential. 
Control mechanisms: Control and safety rods, drives and allied tooling 

Reactor core components: Moderator cans, fuel elements, core supporting 
7 +™ structures. 
DESIGN Machine design: Heavy mechanical. 

Electrical: Reactor control and power systems. 
Process systems and equipment: Pumps, Heat transfer equipment. 
Facilities: Mechanical systems. 
Process instrumentation: Reactor, auxiliary, and control systems. 


Other opportunities in: 
Theoretical, Experimental, Solid State Physics, Health Physics, 
Materials Research, Mechanical Component Development. 


New programs add to years-ahead backlog 


Atomics International has built and is operating two power reactors—the Sodium Reactor 
Experiment and the Organic Moderated Reactor Experiment. Central station power plants 
based on these reactor concepts are in the planning stages right now. In addition, AI has 
just begun an advanced power reactor study for Southwest Atomic Energy Associates, a 
group of 15 investor-owned utility companies. 

Al is expanding overseas operations. With 5 foreign reactors already in operation or being 
built, AI recently signed agreements with ASEA of Sweden, which has offices in 50 coun- 
tries, and DEMAG of West Germany, with whom AI formed the new company, INTER- 
ATOM, in Duisburg, West Germany. 

Write today for more details about exciting career opportunities at Al. 


Mr. C. E. Newton, Personnel Office, Atomics International 
15330 Raymer Street, Van Nuys, California 
(In the suburban San Fernando Valley, near Los Angeles) 


ATS ATOMICS INTERNATIONAL 


< A DIVISION OF NORTH AMERICAN AVIATION, INC. 
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Irradiation studies of experimental fuel elements 
at high temperatures (1700°F) for a projected 
gas-cooled reactor design are now being carried 
out by Ford Instrument Co. engineers at the reac- 


tor facilities of Brookhaven National Laboratory. . 


Major aims of the fuel-element irradiation pro- 
grams are to study fission product diffusion and 
leakage, and to secure radiation damage informa- 
tion, The studies are directed toward development 
of a fuel element that can be fabricated economi- 
cally with a low reject rate, that uses material of 
low enrichment, that can be reprocessed economi- 
cally and be economical of fuel inventory. 

Irradiation of fuel elements at high temperature 
is just one of the nuclear studies and projects 


Fuel-element irradiation studies at 1'700°F 


completed or now under way by Ford Instrument. 
Others include: design of a complete closed-cycle 
gas-cooled reactor, manufacture of control rod 
drive mechanisms (e.g., as used in the submarine, 
Seawolf ), control rod position indicators, magnetic 
and transistor amplifiers for nuclear applications, 
and studies of control rod and reactor materials. 
In addition, Ford Instrument is conducting numer- 
ous feasibility and experimental studies in the nu- 
clear field, including the application of digital 
techniques to reactor control. 

To find out how you can put Ford Instrument 
nucleonic capabilities to work on your problems, 
write to Nuclear Sales, Ford Instrument Co., 
31-10 Thomson Ave., Long Island City 1, N.Y. 


6.15 


FORD iNSTRUMENT Co. 


' DIVISION OF SPERRY RAND CORPORATION 


A CREATIVE TEAM OF SCIENTIFIC, ENGINEERING AND PRODUCTION TALENT 


























From a small table model fluoroscopic cabinet to a 300 KV 


weighing 20,000 lbs. 


In all capacities from 250 to 5,000 Curies. 


EQUIPMENT From a stainless stee] fume hood or storage room to an isotope 


conveyor system or complete laboratory. 


From a control frame for observation through a concrete wall to x-ray targets or cones 


weighing a ton or more. 


For protection from x-radiation and beta radiation of atomic fission 
products. Made in gowns, aprons, small shields, yard goods, etc. 


For film processing equipment, or for the automatic maintenance 
of close temperature of any type of solution. 


Just a few of those we serve: Pratt & Whitney * Fairchild Camera * Sperry Gyroscope * Warner Robbins Airforce Base 
Lexington Signal Depot * Watertown Arsenal * Savannah River Project * Babcock & Wilcox 
Allison Div.-G.M.C * Western Electric * Ford Motor Corp. * Eastman Kodak °* 1.B.M. 
Thiokol Chemical * Vitro Corp. * Bell Laboratories * Budd Mfg. * Esso Research * Phillips Petroleum 


SOLD THROUGH YOUR DEALER SEND FOR OUR LATEST CATALOG 
You are cordially invited to visit our plant and tour its facilities 


209-25th Street, Brooklyn 32,N.¥Y. Telephone: SOuth 8-1020 
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CENTRIFUGAL 
CASTINGS MEET 
NUCLEAR 
SPECIFICATIONS 


ESCO Spuncast®, a centrifugal casting process 
for making symmetrical, tubular parts, is espe 
cially adapted to the manufacture of nuclear 
stator shells, piping and scram rods, for atomic 
power installations. 

The Stator shell (illustrated), used to make 
‘canned” or hermetically sealed pump motor 
housings, is a 1,300-lb. Spuncast casting. The 
built-in hole” saves countless hours of machin 
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ing time as well as substantial savings in waste 
metal. 

Cast to rigid specifications (MIL-S-18262, 

Class 1, 100% dye penetrant and radiograph in- 
spected to ASTM E71 class 2, standard), these 
stator shells are typical of the exacting metal- 
lurgical jobs handled economically every day at 
ESCO. The Spuncast process is only one of sev- 
eral processes available at ESCO. 
Call your nearest ESCO representative today for 
details. Ask for your free copy of ‘‘How to Cut 
Costs With ESCO Spuncast"’, a 12-page brochure, 
or write direct. 


ELECTRIC STEEL 
FOUNDRY COMPANY 


2165 N. W. 25TH AVE. « PORTLAND 10, OREGON 
MFG. PLANTS AT PORTLAND, ORE. AND DANVILLE, ILL. 
Offices in Most Principal Cities 
ESCO INTERNATIONAL, NEW YORK, N. Y. 

IN CANADA ESCO LIMITED 





Liquid metal heated steam generator 








Heat Exchangers for nuclear power 


- Griscom-fussell 


THE GRISCOM-RUSSELL COMPANY, MASSILLON, OHIO 


A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 
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Griscom-Russell’s active participation 

in the challenging field of nuclear power is 
typified by the liquid metal heated steam 
generator design shown above. 

Griscom-Russell was selected to design and 
build this unit, as it has been selected many 
times previously, because of its background 

of over 80 years in the design and manufacture 
of heat exchange equipment and because of 


its pioneering work in the nuclear field. 


These special designs, as well as more 
conventional high pressure and high 
temperature heat exchangers or some of 
G-R’s specialized products, might be able to 
contribute to the efficiency of your 

next installation . 


Consult your local G-R Representative for full details. 


PRECISION 


GENERAL 
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o 
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COR PORATIO 


G-R Designs 
for Nuclear 
Energy 


(I 


HIGH TEMPERATURE 
FIN-TUBE 


DOUBLE-WALLED FIN-TUBE 


PLATE-FIN 


Evaporators « Air Preheaters ¢ Heaters and Coolers 
Radioactive Waste Concentrators e Exchangers 


HEAT EXCHANGE EQUIPMENT 
FOR THE NUCLEAR INDUSTRY 
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DESIGNING 





Count Down on Experience 


Experience is the only answer to the exacting require- 


ments of the rapidly expanding field of nucleonics 


Marvel-Schebler has earned an enviable reputation 
in the manufacture of precision equipment requiring 
close tolerances and fine finishes. This experience makes 
it possible for Marvel-Schebler to offer valuable service 
to designers and builders of products for the nuclear 
energy industry. 


ENGINEERING 


Marvel-Schebler’s vast experience in the nuclear en- 
ergy field includes the design, development and pro- 
duction of control rod drive mechanisms for reactors 
used in atomic submarines. Marvel-Schebler has been 
instrumental, also, in development and manufacture of 
remote handling equipment, hydraulic actuators for 
guided missiles, fuel pumps and control valves for jet 
engines, bomb-sight parts, hydraulic depth bomb re- 
leases, fuel injection systems, liquid and gas carbure- 
tors, aircraft carburetors. 


MANUFACTURING 


From planning stage to finished product, Marvel- 
Schebler’s tremendous research, design and manufac- 
turing facilities are at your disposal 

Our research and design engineers are specialists! 
Every product is the result of exacting production tech- 
niques, meticulous quality control and precision testing 
skills. This means completely reliable, proven equip- 
ment that fulfills every critical specification of the 
Marvel-Schebler customer 


TESTING 


Call on us to Solve Your Design and Manufacturing Problems! 


MARVEL-SCHEBLER [ocucts Division 
BORG-WARNER CORPORATION, DECATUR, ILLINOIS 





Write for this 
free 40-page book 


HAV |  HARSHAW 


SCINTILLATION 


PHOSPHORS 


SCINTILLATION 
PHOSPHORS 


Presents definitive article on characteris- 
tics and properties of scintillation phos- 
phors with special emphasis on Nal(T1). 
A general discussion of scintillation 
counting is. augmented with many 
appropriate tables, efficiency curves, 
and typical gamma ray spectra. Gives 
specifications and drawings of Harshaw 
mounted phosphors, and lists miscel- 
laneous other phosphors available from 
Harshaw. We will be pleased to send 
you a copy. 


Also available... Free 36-page book... 


HARSHAW 
SYNTHETIC OPTICAL 
CRYSTALS 


Discusses in detail various Harshaw crystals used for infra- 
red and ultra-violet optics. Includes many pertinent graphs. 
Ask for your copy today. 


Synthetic Optical Crystals 





THE HARSHAW CHEMICAL Cc 





O45 tent 97h Street Clevetond 6 


SS 


74a THE HARSHAW CHEMICAL Co. 


AW 
HARSH 1945 EAST 97th STREET + CLEVELAND 6, OHIO 
CHICAGO e¢ CINCINNATI « CLEVELAND «+ DETROIT * HOUSTON «+ LOS ANGELES 
HASTINGS-ON-HUDSON, N.Y. © PHILADELPHIA «+ PITTSBURGH 
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This General Electric designed and developed amplifier operates without the use of refrigerants at ambient 
temperatures from — 67°F to 750°F. 


High-temperature, Radiation Tolerant 
Electronic Equipment—Without Refrigerants 


GENERAL ELECTRIC HAS PROVEN ABILITY TO MEET YOUR REQUIREMENTS 


Here’s important news for you if 
your systems project dictates the 
need for temperature and radiation 
tolerant electronic equipment. The 
General Electric Company stands 


ready to undertake the design, de- 
velopment, manufacture and evalua- 
tion of your equipment where your 
specifications call for successful 


operation up to 750°F, without re- 
frigerants. And General Electric’s 
ability to meet your high-tempera- 


ture requirements is backed by 


notable successes. 


FOR EXAMPLE General Electric has 
already developed airborne amplifiers 
which have been successfully operat- 
ed overanambient temperature range 
from —67°F to 750°F. Special cir- 
cuit designs and packaging tech- 
niques permitted this without the 
use of heavy, complex refrigerating 
equipment. 

FOR INFORMATION on how General 


Electric can help you solve your 
high-temperature electronic equip- 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


ment problems, contact your G-E 
Missile and Ordnance Systems De- 
partment Field Sales Office or mail 
the coupon below. 


GENERAL ELECTRIC COMPANY 
Section —222-6 
Lakeside Avenue 
Burlington, Vt. 
- Please send - § \- 
ee Cavle ———- MPB-32, “High-Temperature 
o8 would Pp 


q with G 
Engineering Specialists. 
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ion of my equipment re- 
I Electric High-Temperature 


COMPANY... 
ADDRESS 


The AGN-211, first portable pool-type reactor, 
which will be displayed by the U.S. Atomic Energy Commission 
in the 1958 Brussels Universal and International Exhibit. 


Grid support assembly of the Brussels 
AGN-211 reactor, shown during construction 


On March 25, 1958, Lewis L. Strauss, chairman of 
the U.S. Atomic Energy Commission, announced that 
the Commission would display an operating low-power 
research and training reactor in the 1958 Brussels 
Universal and International Exhibit. 


It is significant that the AEC selected the AGN-211] 

Portable Pool Reactor for the United States exhibit in 

AEC To Display the International Science Section. The AGN-211 is the 
AGN 211 Reactor latest low power educational and research ROACLOF whats 
into production at Aerojet-General Nucleonics in San 


in Brussels Fair Ramon, California. 
cai 


Utilizing 780 grams of 20% enriched Uranium 235 
and the tried and proved polyethylene moderated prin- 
ciple which is ultimately safe, the AGN-211 offers a 
degree of flexibility and freedom never before achieved 
on an educational reactor, since the core geometry may 


be varied three dimensionally. 


The AGN-211 is capable of producing a continuous 
thermal neutron flux of 3 x 10* n/cm?-sec at 100 watts 
and an intermittent thermal neutron flux of 3 x 10'° 
n/cm?-sec at 1 kilowatt. 


oak uinincablel ie N91 reecter baiat eteombled AGN reactor systems from milliwatt to multi-megawatt 


for Brussels Fair. Note similarity to building block construction are available. Information will be furnished upon request. 


rye Gavia ffuclemis EEZZZE 


ORIGINATORS OF MASS PRODUCED REACTORS - AQ DIVISION OF THE AEROJET-GENERAL CORPORATION 


411 


NEAR SAN FRANCISCO AT SAN RAMON, CALIFORNIA TELEPHONE VERNON 7-4267 CABLE ADDRESS: AGNU . TWX NUMBER: DANVILLE 411 
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the GAMMLACIILI 


exceeding | 000 ,000 


ROENTGENS PER HOUR 


Deliver millions of roentgens — safely 
and quickly — to your products and pro- 
cesses with the uniform radiation field 
provided in the Gammacell 220. Do it 

in your own laboratory — a specially 


shielded room is not required. 


Completely self-contained and virtually 
free of maintenance, a simple connection 


to an electrical outlet places the powerful 





gamma radiation from kilocuries of —| 
cobalt 60 at your disposal. The 220 

cubic inch chamber, equipped with 

access tubes, permits irradiation not 

only of solids but also of liquids and gases 

under stationary or flow conditions. Heating 

and sensing elements can also be accommodated. 

A built-in timer assures automatic termination of a 


preset irradiation period at any time, day or night. 
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ALLIS-CHALMERS j 


NUCLEAR POWER 
DIVISION 




















New Engineering and 
Development Facility 


ROM the days of the Manhattan Project 

through the building of electric genera- 
ting equipment for the Experimental Boiling 
Water Reactor at Argonne, and with partici- 
pation in Atomic Power Development As- 
sociates and Power Reactor Development 
Company, Allis-Chalmers has been active 
in the nuclear field. Today Allis-Chalmers 
is engaged in research and engineering de- 
velopment work leading to the construction 
of the 66,000-ekw Controlled Recirculating 
Boiling Reactor for Northern States Power 
Company, Nuclear Power Plant, Pathfinder. 

Supporting this work are more than 100 
years’ experience in building power equip- 


ment and more than 50 years in the manu- 
facture of equipment for generation, distri- 
bution, and utilization of electric power. 

The new engineering and development 
facility, now under construction, will con- 
tribute directly to Allis-Chalmers growing 
participation in this field. 

In addition, Allis-Chalmers can furnish 
components specially engineered for nuclear 
facilities, including: pumps, condensers and 
steam turbine generators, as well as indoor 
and outdoor switchgear, transformers, cir- 
cuit breakers, and motor control centers. 


Allis-Chalmers, Nuclear Power Division 
Milwaukee 1, Wisconsin 


ALLIS-CHALMERS 
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Have a king-size problem in nuclear piping? 
TUBE TURNS can help you! 


The fitting shown above has the heaviest wall ever 
forged...over 4” thick... another first by Tube 
Turns. Here is another example of the broad 
experience of Tube Turns’ engineers and craftsmen 
in the solving of problems in super-critical pres- 
sure piping service. This pioneering know-how also 
covers all kinds of nuclear projects . . . all types of 


piping metals and alloys... all sizes of fittings. 


When you bring your piping problems to Tube 
Turns, you take advantage of this experience and 
leadership in nuclear piping which dates back to 


the Manhattan Project. We're at your service ! Piping for this sodium-to-sodium heat exchanger in the Sodium 
Reactor Experiment, built by Atomics International, a division of 
North American Aviation, Inc., employs TUBE-TURN* Fittings 

*“TUBE-TURN” and “tt” Reg. U.S. Pat. Off. for changes in direction. 


TUBE-TURN Welding Fittings and Flanges are MADE IN U.S.A. by 


TUBE TURNS 


A Division of National Cylinder Gas Company 


LOUISVILLE 1, KENTUCKY 


Available promptly from Tube Turns’ Distributors in all principal cities 


DISTRICT OFFICES: New York * Philadelphia + Pittsburgh + Chicago + Detroit + Atlanta * New Orleans - Houston + Midland « Dallas « Tulsa + Kansas City + Denver + Los Angeles « San Francisco + Seattle 
MADE IN CANADA by: Tube Turns of Canada Ltd., Ridgetown, Ontario * DISTRICT OFFICES : Toronto, Ontario + Edmonton, Alberta - Montreal, Quebec + Vancouver, B.C. 
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a new radioisotope counting system 
for biological and clinical research 


Nuclear-Chicago’s DYNACON® —a system for 


measuring C'4, H3, S* in gases, liquids, solids 


Operator places 250 mi. ion chamber on Dynacon con- 
verter. Sample may be read directly in microcuries or 
dis./ sec. on meter and recorder. 


The Model 6000 Dynacon is an outstanding 
new system from Nuclear-Chicago for the bio- 
chemist or scientist measuring soft beta 
emitting isotopes. Combining economy and pre- 
1ON cision with unmatched versatility, it will accept 
4 ; and measure gas, liquid, and solid samples 
ranging in activity from a millicurie to a micro- 
microcurie without dilution or absorption 
techniques. It is the ideal instrument for making 
continuous gas flow measurements in plant 
T uptake and animal metabolism studies when 
ot: used with the flow-type ion chamber. The 
system’s design provides highest reproduc- 
ibility while eliminating all errors due to coin- 
O00 0 cidence losses, register losses, or electronic 
DYNACON drift. Write for full specifications including 
ELECTROMETER RECORDER 4 . . ; ; 
typical biological applications of the new 
Dynacon electrometer. 
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Apparatus for continuous measurement of respired C1402 
from small animals includes glassware, flow-type ion cham- 
ber, Dynacon electrometer, and chart recorder. 


Fine Inatiumenti- Research Quality. Radiochemivals > 





nuclear - chicago 


correo rFt aa Tio ww 


235 WEST ERIE STREET, CHICAGO 10, ILLINOIS 
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General Electric lon Chambers Operate at 300C, 
Allow Wider Range of Operation in Nuclear Reactors 


e@ Also meet rigid military specifications for vibration PLAN NOW to install General Electric’s top-quality, 
and shock high-performance ion chambers. For necessary in- 
formation fill out the coupon below. 


Gen 


BECAUSE G-E ion chambers have ceramic and mica 


as 300C thus allowing more versatile application 
2 wider range of operation in nuclear reactors. 


insulation coupled with aluminum-to-ceramic ter- 
I il seals, they can be operated at temperatures as G Fr | . R A L E LE CT a } C 


ee on ee ee eee ee 


BULLETIN AVAILABLE 


Section A585-65 
General Electric Co. 
Schenectady, N. Y. 


Please send me Bulletin GEA-6631 describing G-E ion chambers. 


ALREADY PERFORMANCE-PROVED in reactors oper- 
ated by the U.S. Government and various industrial 
‘oncerns, G-E ion chambers are used to measure flux 
und gamma levels. 


YOU CAN SAVE VALUABLE ENGINEERING TIME 

and get the right instrument for your needs by choos 
ing from this line of radiation detectors available from 
General Electric’s Instrument Dept. Included are: 
radiation-resistant neutron proportional counters, 
fission counters, and gamma sensitive ion chambers. 


NAME 
COMPANY 
STREET 


CITY 








Quality 


GRAVER 


Since 1857 


When the Pressure Is On... 


. .. for more efficient processing equipment operating at higher pressures and 
temperatures, experienced fabricating skills are important. This pressure vessel 
in carbon steel, designed to withstand 300 psi at 270°, is one of many types of 
vessels Graver fabricates to customer requirements in conformance with the 
ASME Code. Eminently satisfactory performance and long-life is assured 
when Graver’s century-aged skills are employed. When high pressures and 
temperatures are involved, it is a sound decision to discuss your require- 
ments with Graver. 


Building for the Futureon | GRAVER TANK & MFG.(O.|NC. 
entury Craftsmansh ip | EAST CHICAGO, INDIANA 

aC of : New York « Philadelphia »« Edge Moor, Delaware « Pittsburgh 

in Steels and Alloys be Detroit « Chicago + Tulsa « Sand Springs, Oklahoma » Houston 


New Orleans «Los Angeles « Fontana, California «San Francisco 
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— SD Qrncunen 


10 KW POOL TYPE 


MODEL #605 


research & training reactor 


vu 


Complete Reactor including - 


instrumentation, shielding, 
experimental facilities, 
installation and operator 


training. 








For complete information write to: 


NUCLEAR PRODUCTS ERCO 


Division of QCf Industries Incorporated 
508 Kennedy Street N.W., Washington 11, D.C. 
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ALT UALIUN—LUN 


HARMONIC DRIVE 





NITED’S Harmonic Drive is a meth- 
od of transmitting power through steel 
walls by controlled deflection waves 


which produce positive linear motion. 


The mechanism wall is deflected 


within endurance limits of suit- 





able materials, engaging the 
lead screw and actuating 


dalommeie) a) dae) mm aele 


1 Offers mechanism and systems cost savings. 
2 Operates on any conventional power supply. 


3 Extended life expectancy because of low contact stresses and 
high rolling action between the threads of the nut and lead screw. 


4 Precise motion control with positive position indication. 
5 Hermetically sealed and inherently shock-proof. 


UNITED'S engineering staff will welcome an 
opportunity to discuss the application of Harmonic Drive 
to your reactor requirements. 


SHOE MACHINERY CORPORATION 
ATOMIC POWER DEPARTMENT + BALCH STREET, BEVERLY, MASS. 
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Typical spectrum 
display 








88% TRANSISTORIZED 


e Only 8.3 cu. ft. 

e Low power consumption—120 watts 
¢ No ventilation problems 

e Unit construction 

e Semi-portable (150 Ibs.) 


VERSATILE DATA 
PRESENTATION 


e Oscilloscope display 

Binary count manual readout 

e Accessory readout devices: photo recording 
camera, strip chart recorder, 
electric typewriter, punch tape 


BENDIX OFFERS THE CHALK RIVER 


NICASORTER 


smallest 100-channel pulse height analyzer available 


This is the analyzer recently developed by Atomic Energy 


of Canada, Ltd. The Cincinnati Division of Bendix 
Aviation Corporation has been licensed to manufacture 
and market the analyzer in the United States. Magnetic- 
core storage is provided for 100 fixed adjacent channels, 
each having widths from 0.03 to 0.3 volts. With the 
biased-off window amplifier and a 30-volt spectrum, 
1,000-channel analysis can be performed. Average dead- 
time is 85 microseconds. Design considerations have been 


Cincinnati Division 
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discussed in the following references: F. S. Goulding, 
**KICKSORTER DEVELOPMENTS AT CHALK RIVER” in Multi 
channel Pulse Height Analyzers, National Research Council, 
publication 467, pgs. 86-94; F.S. Goulding, “‘somME TRANSIS- 
TOR CIRCUITS USED IN MAGNETIC CORE TYPE KICKSORTER”’, 
1956 IRE Convention Record, part 9, pgs. 76-81. 
Cincinnati Division, 3130 Wasson Rd., Cincinnati 8, Ohio. 
Export: Bendix International Division, 205 E. 42nd St., N. Y. 17, N. Y. 
Canada: Computing Devices of Canada, itd., P. O. Box 508, Ottawa, Ont. 


Ricca 





PHILIPS equipment for a 


for various fina 
energies 


Nuclear Physics and Atomic Energy Cockerot. Walton 


accelerators 


Generators for 
very high d. 


Linear electron 


Philips are able to offer complete synchro-cyclotrons for accelerators 
various final energies. Such machines can be supplied with Reactor control 
beam extraction facilities, beam deflecting magnets, etc. oe 
Specialized engineers are available for assembling, in- ——— measurin 


stalling and putting into proper operation at site, as detection equipment 
well as for training the ultimate operators. Civil defence 


instruments 


Area monitoring 
instrumentation 


Geiger counter tubes 
Photomultipliers 
Radio-active isotopes 


e Air liquefiers 


lon source assembly with stabilized gas supply system for 28 MeV PHILIPS 


synchro-cyclotron for acceleration of deuterons. > 
ca RR 4 L ; PS en 


For further information please apply to one of the following addresses: 


N.V. PHILIPS’ GLOEILAMPENFABRIEKEN, Scientific Equipment Department, Eindhoven-Holland 
RESEARCH & CONTROL INSTRUMENTS LTD., Instrument House, 207 King’s Cross Road, London W.C. 1 
PHILIPS ELECTRONICS INC., Instruments Division, 750, South Fulton Avenue, Mount Vernon N.Y. U.S.A. 
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Versatile New Westinghouse 
Miniature Fission Counter! 


Sensitive length 


¥%" (located 
from end). 


NEW WL-7186 OPERATES IN ANY POSITION 
... AT TEMPERATURES UP TO 125° Cl! 


The rugged new WL-7186 is ideal for thermal neutron 
flux mapping, for taking low power reactor data, or 
for control channels. It operates efficiently in any 
position . . . at temperatures up to 125° C ... and 
since the chamber and integral cable are of stainless 
steel, it ean be immersed in water. 

The sensitive material is highly enriched U-235. Sen- 
sitive length is 4" and is located 4" from end. 


Characteristics of the WL-7186 are: 
Sensitivity: .01 eps/nv 
Operating voltage: 250-400 v 
Output pulse: 10~+ volts 


you can Be SURE...1F rs 


Westinghouse 
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Find out for yourself how the new Westinghouse 
WL-7186 can be used in your application. Send in 
the coupon below for complete information. Sample 
orders are invited. 


Please send me complete information on the new Westing- 
house WL-7186 











Send to: Westinghouse Electric Cerporation, Electronic 
Tube Division, Elmira, New York 


ee | 





eee AUTO-GAMMA 


‘AUTOMATIC GAMMA SAMPLE CHANGER 


NOW... completely Automatic Scintillation Counting ! 


Here is an instrument that quickly pays for 
itself by saving staff time. It can be operated 
twenty-four hours per day and seven days per 
week without attendance. Also, more samples 
can be counted and better data obtained by 
using longer counting periods and more re- 
peat counts. 

Test tubes are 16 mm diameter by 150 mm 
long for standard well-type scintillation detec- 
tors. Any number up to ONE HUNDRED 
SAMPLES can be counted at each loading. 
After the last sample in the turntable has been 
transferred to the scintillation detector, 
counted, and returned to its place in the turn- 


* Trademark 


table, the unit resets to the first sample and 
starts over again. Counting periods are based 
on both preset time and preset count, and 
counting is stopped by whichever is reached 
first. Sample number, time interval and scaler 
reading are all recorded on the paper tape. 

The Auto-Gamma Sample Changer is avail- 
able for many different systems. It can be pur- 
chased as a complete unit with a choice of 
large or small sodium iodide crystals. It can 
also be used with scintillation spectrometers or 
with simple scaler systems. 

For full information request Auto-Gamma 
Bulletin. 


ackard Instrument Company, Inc. 


.?. as 


BOX 428 -« 


LA GRANGE, ILLINOIS 
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ue VA : 


Not only have we changed our name 

from Walter Kidde Nuclear Laboratories to 
ASSOCIATED NUCLEONICS, INC., but in collaboration 
with Stone & Webster Engineering Corporation, 

we have greatly expanded our services. Now, in 

addition to design and consulting work, we 

have the complete resources to follow through, 

from design to construction, on any job 

in the nuclear field anywhere in the world. 


Nuclear Hazards and 
Facilities Design Shielding Studies 


Reactor Systems Pilot Plant Design 
Design and Operation 


Reactor Heat Transfer and 
Feasibility Studies Fluid Flow Studies 


Radiochemistry and Hot Laboratory Services 


ASSOCIATED NUCLEONICS 
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ASSOCIATED NUCLEONICS, inc. 


975 Stewart Ave., Garden City, L. I., N. Y. 
Ploneer 1-4350 


A Subsidiary of 
STONE & WEBSTER ENGINEERING CORPORATION 
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SENSITIVE Tracerlab liquid, air particulate and gas monitors continuously check and record 
accurately down to — and below — AEC permissible concentrations. * 
Tracerlab monitors are standard units — have interchangeable components 
STANDARDIZED — have been in production several years — often eliminate expensive 
custom-building. 


ACCEPTED In long term use all over the world, in power and research reactors . . . research 
laboratories . . . universities . . . states and municipalities . . . industrial plants. 


FISSION PRODUCTS WATER MONITORS 


In production for several years, Trac erlab’s Fission Products Water Monitor has 
maximum sensitivity for fuel element rupture detection in reactors. Resistant to 
water-chamber contamination and with simple electronics, this monitor provides 


the highest level of reliability. Available for pressures in excess of 2,000 psi. 





CONTINUOUS MONITORS FOR AIRBORNE 
PARTICULATE RADIOACTIVITY 


Tracerlab’s Beta-Gamma monitors have standard provisions for adding an Alpha 
detector. Sensitive down to at least 1/10 of permissible concentrations*, they 
are available with either fixed or continuous moving filters. Immediate Alpha 
Monitors are also available, built up from standard components. Either can be 


combined with the Gas Monitor into one system 





RADIOACTIVE GAS MONITORS 


For use in stack gas or ventilation systems for rupture detection or detection of 
radioactive materials release, these monitors are assembled from standard com- 
ponents, 7n production now. Available with disposable plastic or stainless steel 
gas chambers. Can be combined with Airborne Particulate Monitors in the same 


mobile cart, using one pump and one set of controls 





LIQUID OR WATER MONITORS 
Many effluents and waste and sewage systems require continuous, accurate monitor- 
ing for radioactivity. Tracerlab’s liquid and water monitors have 
sensitivities down to or below AEC permissible con- 


centrations for beta, gamma and alpha emitters. 


Beta and Gamma Beta or Gamma 


*Permissible concentrations as listed in Part 20, Title 10, Federal Register. 


Write or phone us with your radiation and process moni- 
toring problems. 


| a | . & 
‘ NOTE: Ask about our new equipment for monitoring gaseous 
radioactive iodine. 
VACEIVG inc. REACTOR MONITORING CENTER 


2030 WRIGHT AVENUE, RICHMOND, CALIFORNIA - Telephone: LAndscape 5-8510 
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The most realistic 


Honeywell's Reactor Simulator re- 
sponds like a low-power research 
type reactor, and will cover a 
range of 0-150 percent of re- 
actor design power. All amplifiers, 
recorders and control instruments 
are operative, and are the same 
as those used with actual re- 
actors. Interchangeable plug-in 
units make possible the realistic 
reproduction of reactor opera- 
tion with U-235, U-233, and 


plutonium fuels. 





Here’s an analog of a complete, functioning reactor— 
including full-size control, recording and safety systems 
exactly like those used in modern research reactor in- 
stallations. It accurately reproduces important reactor 
functions, substituting electronic response for nuclear 
reactions. 


The Honeywell Reactor Simulator permits realistic 
training of students and operators in the proper manipu- 
lation of reactor controls for safe operation . . . standard 
operating procedures . . . interpretation of chart records 

instrumentation maintenance. You can use the 
Simulator with analog computers to solve complex 
reactor and plant control problems. And you can use it 
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Nuclear Reactor Simulator available 





eae *) 


a ME 


a trove} ? 


to perform various experiments to demonstrate effects 
of changes in system parameters. 


Amplifiers and recorders can be pulled out and studied. 
Interchangeable plug-in units and accessories increase 
the flexibility of the system . . . permitting the simula- 
tion of such phenomena as poison effects, thermal con- 
ditions in the primary loop, and temperature coefficients. 
In fact, the instruments, amplifiers and safety controls 
can be diverted to actual reactor control. 


Your nearby Honeywell field engineer can give you full 
details. Call him today . . . he’s as near as your phone. 


MINNEAPOLIS-HONEYWELL, Wayne and Windrim 
Avenues, Philadelphia 44, Pa. 


Honeywell 
‘Hl Fouts ww Covttols. 
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Step 3 in producing commercial boron 10... 


Nickel and Monel overcome corrosion by 
boron and potassium fluorides 


Because of its high neutron absorp- 
tion properties, Boron-10. isotope is 
now made commercially available in 
the form of a 92% concentrate. 

The concentrate is produced by 
Hooker Electrochemical Co. (con- 
tract operator for the AEC) in an 
AEC-owned plant designed and con- 
structed by Singmaster and Breyer 
A four step process involving fluorine 
and fluorine compounds is used. 

To overcome corrosion from fluo- 
rine compounds, Hooker has made 
wide use of Nickel and its alloys. In 
the formation of a liquid BF, com- 
plex and its fractionation into B,.- 
rich and B,,-rich constituents, 
Monel* nickel-copper alloy provides 


the principal corrosion protection. In 
the electrolysis of KBF, into elemen- 
tal B,, at 760°C, the cathode is Monel 
alloy and the carbon anode is con- 
tained by an Inconel* nickel- 
chromium alloy shell. 


Step 3 converts B,,-rich BF, 
complex to potassium fluoborate 


In this step, the dimethyl ether—BF, 
complex is dripped into a mixture of 
potassium fluoride hydrate, ethanol 
and water to form potassium fluobo- 
rate. Heat and agitation are used. 
The reactor is the Inco Nickel kettle 
shown near top of photograph. Here 
pure Nickel not only prevents corro- 
sion. It aids product purity, too. 


Monel alloy is used for the filter 
(below kettle) and drying tray. 


New 24-page booklet — 
“Handling Fluorine and Fluorine 
Compounds’’— now available 

Booklet covers such topics as the 
generation, use and disposal of 
fluorine and how Nickel and its al- 
loys perform in pumps, piping, cylin- 
ders and valves handling it. It also 
gives corrosion test data on hydro- 
fluoric acid in a variety of applica- 
For your copy, write to the 
address below. 


tions. 
*Registered trademark 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street ated, New York 5, N. Y. 


_INCO NICKEL ALLOYS 
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A NUCLEONICS Special Report 





Power Reactor Control 


Without reactor control there could be no power reactors. On if 
falls heavy responsibility for safety, reliability, efficiency and 
economy of nuclear power plants. 


But reactor control is in transition, reacting in a sensitive manner to 
advances in reactor design and changes in safety philosophy. There- 
fore, this report has been designed to show both today’s power- 
reactor control and the direction of its development. We asked our 
authors to stress those aspects that are new or undergoing rapid 
development. The subjects covered include design philosophies, 
control problems and their solutions, control rods and their drives and 
special safety devices. Articles on spectral-shift (p. 80) and chemi- 
cal (p. 82) control provide a sample of the novel methods that may 
play a part in the control of future reactors. 


To determine the present status of power-reactor control 
NUCLEONICS directed a questionnaire to the designers of most of 
the world’s power reactors. The responses, contained in the discus- 
sion and tables of pages 71-77, provide for the first time an over-all 
view of where we stand in the practice of reactor control. 


Thus our story is—power reactor control, today and in the future. 
—The Editors 





TYPICAL REACTOR CONTROL SYSTEM has three 
interconnected loops for startup, operation and 


shutdown. 


Philosophy of control determines how 


the loops accomplish their purposes 


ici—_> 


Reactor Control Philosophies 


Different reactor types demand different approaches to control problems. 


From many available philosophies, designers must find one that assures 


safety in startup and shutdown, economy and efficiency in operation 


By M. A. SCHULTZ, Westinghouse Electric Corp., Pittsburgh, Pennsylvania 


NUCLEAR-POWER-PLANT control philos- 
ophy in this country is primarily con- 
cerned with safety. The 
science has not yet progressed to the 
point at which efficiency and economics 
can be introduced as prime factors. 
Consequently, in a pre- 
occupation with safety, the control- 


over-all 


climate of 


system designer quickly finds himself 
enmeshed in problems of basic reactor- 
design philosophy. 


Choice of Reactor 

The first problem to be resolved is 
what type of reactor shall be built. 
This question is usually answered on an 
economic, political or other basis, but 
there is also a distinct control-phi- 
losophy question involved. 

The argument develops as follows: 
The processes involved in a reactor are 
dangerous and, consequently, 
control is needed to operate safely. A 
power reactor produces heat. More- 
over the heat must be produced in a 
slow and steady manner to be useful. 

We can consider here two types of 
reactors—inherently stable and _ in- 
herently unstable. 


some 


External Control 

One reactor-design school, first 
championed by Canadian designers, 
feels that nuclear power plants should 
follow the pattern of simple reactors 
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with complex external control. Its 
argument is, ‘Reactor economics are 
admittedly poor. The designer has a 
tough enough problem in attempting to 
design a cheap, economical reactor 
without the added restriction that the 
reactor must protect itself. Call on 
the control engineer to protect the 
reactor by means of external devices. 

‘Positive temperature coefficients 
should be permitted and any economic 
grouping of materials should be allowed. 
Circuitry is now available to ensure 
complete protection.” 

This philosophy usually calls for a 
large number of scrams or shutdown 
circuits in the control system. Some 


reactors have hundreds of scram 


circuits. 


Internal Control 

The alternative philosophy starts by 
restricting reactor design to a stable 
configuration. This is currently used 
in the United States Britain. 
Many possible reactor types probably 
will not be permitted despite the appar- 
ent present desire to try every approach 
country. This philosophy 
means a moderate-to-large 
temperature or void coefficient for the 


and 


in this 
negative 


reactor and a restriction to compatible 
materials. 

The question is, 
the reactor design to one that can 


“Does restricting 


protect itself necessarily mean a more 
expensive core and plant?” 

It has been shown that for some re- 
actor types, such as pressurized-water 
or boiling-water, the safety provided by 
a large negative coefficient is essentially 
free. Changes to alter the temperature 
coefficient to an optimum value can be 
made by comparatively slight material 
proportion changes in the fuel-to- 
moderator ratio. 

Some reactors can be made to protect 
themselves simply and cheaply against 
rnost Other 
accidents may then require a minimum 


accidents. conceivable 
of external circuitry, possibly only one 


or two scram circuits. Therefore, 
there appear to be reactor designs and 
that offer 
performance, along with low-cost built- 


However, the 


configurations economic 
in internal protection. 
freedom of design provided by sophisti- 
cated external control systems is most 
appealing. 


Cost Factors 

Once the reactor type is chosen, more 
detailed concern can be given to the 
cost of the system. 
From the viewpoint of the reactor 


safety control 
builder, the principal ingredients of 
plant safety are: 

1. Protection of the plant by proper 
design of reliable instrumentation and 
necessarily by 


control systems—not 
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Amplifier Actuators 


_ Control 
A] |* devices 


Rate - of - 
change- 
measuring 
circuits 























Comparison 


multiple instruments or over-control. 
2. Protection of the general public 

after an accident by containment. 

Ir 


this 
country, containment appears to be a 


1 most power reactors in 


necessity. Sufficient experience is not 
yet available in power-reactor opera- 
tion to consider abandoning contain- 
favor of better 
A few voices 


ment in complete 
instrumentation design. 
have arisen that this approach should 
considered and a reasonable 
risk taken (NU, Jan. ’58, p. 71), but 


clearly more experience with operation 


now be 


IS needed. 

Now if it is granted that a foreseeable 
accident creates a statistically intoler- 
able the 
neighborhood, no major reduction in 


situation to surrounding 
reactor safety costs can presently be 
made. The cost 
system far outweighs the dollar value 


of the containment 


of any economic argument on detailed 
control-system philosophy. 


Control Approaches 


We can now look at choices available 


in working out the basic control system. 
It is assumed that reactor type has been 
selected, its nuclear characteristics are 
known, and the transfer function giving 
performance as a control component 
has determined. External-con- 
trol design is then started. Figure 1 
is a representation of the problem in 
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been 


STARTUP 
LOOP 


Level-measuring 
circuits 


Neutron detectors 


Control ---" 
devices 


OPERATING 
LOOP 


Actuators 


block-diagram form showing the sys- 
tem as three interconnected loops 

startup, operating and shutdown loops. 
These the 


reactor as a common component and 


networks clearly have 


can have other external intercon- 


nections. 
Each block of 


philosophic choice in its conception. 


Fig. 1 requires a 
Presumably most of these choices can 
now be made on a technical or economic 


basis. 


Startup 

In the startup loop the choice must 
immediately be made as to whether 
this loop shall be manual or automatic 
in the blocks marked “amplifier” and 
“actuators.”” Automatic startup of a 
reactor is completely feasible on a 
technical basis and some reactors are 
already using automatic or semiauto- 
matic startup. 

The problem can be resolved on an 
economic basis, and operating costs and 
local labor conditions will probably 
prevail in the decision. For example, 
& power reactor used in a submarine 
probably has no great need of auto- 
matic startup in that there is a ready 
supply of labor available for reactor 
operation at no extra cost. .On the 
other hand, in a complex electrical 
generating plant in a large city with an 
expensive labor market, considerable 


Manual input 





SHUTDOWN 
LOOP 








Neutron 
detectors 























automation can be written off against 
operating costs. 

Nuclear instrumentation. The next 
choice is how much instrumentation in 
the block 


tectors’’ must be provided. 


“neutron de- 
In early 


power-reactor designs excess nuclear 


designated 


furnished for 
felt that 
being new, 


instrumentation was 
safety. It 


instrumentation, 


extreme was 
nuclear 
would not be very reliable, and to 
provide a reactor plant with just one 
channel of neutron information would 
be foolhardy. 

This argument very quickly raised 
the argument against using two chan- 
nels: With the same poor instrumenta- 
tion the question arose as to which 
channel should be believed. Conse- 
quently, three-channel instrumentation 
was installed in several plants, and if 
any two channels read alike, these are 
presumed to be correct. 

Nuclear instrumentation has proved 
to be as reliable as any other type and 
perhaps even more so because of the 
great emphasis and eare taken in its 
design. However, other subterfuges 
are now being used to retain multiple- 
channel instrumentation. For exam- 
ple, the theory of wired spares has 
the argument 
that no one would operate a nuclear 


reactor without 


been evolved around 
instruments; 


and as long as these instruments are on 
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spare 





hand, they can as well be stored in a 
cabinet; and as long as they are stored 
in a cabinet, they might just as well 
be wired up in operating channels. 
The true situation is that the safety 
picture dominates 
present use of parallel nuclear instru- 
mentation. Despite present reliability 
of this apparatus, a minimum of two 
channels indi- 


and forces the 


independent appears 
cated for each function. 
and type 
longer appear necessary. 
pendent channels, however, have the 
advantage that each channel can be 
checked separately while the 
piant is on the line. 
Control speed. 
is how fast the control devices shall 
operate. Here again performance as 
well as safety dictates the answer, but 
the decision can be made on a reason- 
The prob- 


Coincidence 
auctioneering circuits no 


Two inde- 


even 


The next problem 


ably good technical basis. 
lem of xenon 
results in one minimum required con- 
trol-device speed. Reactor 
are also limited by temperature and 
stress considerations and, for military 
plants, tactics. Each reactor has its 
own problems, which call for both a 
minimum and a maximum required 
reactivity-change rate, but quite clearly 
safe startup systems can be designed 
using reactivity change rates ranging 
from 10-' Ak/sec to 107° Ak/sec. 
Safety suggests the slower speeds. 


override and burnout 


startups 


Operating Loop 
The problems of the operating loop 
as reliability of 


are accuracy as well 
output. 
required ultimately to supply the user 


Generators of electricity are 





Inherent 
tna 
contro 





‘Reactor 


FIG. 2. Simplest control (bottom) uses only feedback inherent in reactor system. 


with a fixed voltage at a constant 
frequency. What then are the limits 
to which the reactor output must be 
held, how reliable is this 


source of power to be? The consumer 


and new 
is not the slightest bit interested in the 
fact that a reactor has shut down be- 
cause of a bad tube in a servo amplifier 
when he plugs his toaster into the wall 
socket. the 
trend is for operating loops to have no 


Consequently, present 


vacuum tubes in key roles. Magnetic 
amplifiers or transistors replace them. 

The manual-automatic problem 
comes up again in the operating loop, 
and here it is more likely that auto- 
matic control will be selected because 
As- 


suming an automatic system, a choice 


of the frequency of adjustment. 


is available between proportional and 
discontinuous or on-off control. Pro- 
portional systems are capable of some- 
greater but as either 
type can regulate the power level to 
better than 1 %, there is little to choose 
A discontinuous 


what accuracy, 


from on this basis. 
system is simpler and not as susceptible 
to noise. Also the dead zone of discon- 


tinuous control makes _ control-rod 
positioning somewhat easier in that 
magnetic brakes, gearing, and other 
forms of friction can be used. 
Control devices. The actual 


trol device usually takes the form of a 


con- 


regulator rod or a regulating form of 
that little 
General practice is 


leakage or poison has 
reactivity worth. 
to limit the reactivity of the regulating 
that 


How- 


device to a value less than 


required to go prompt critical. 
ever, in reactors where control rods are 
shim, and 


combinations of safety 








External 


program (top) feeds load-demand signal back to reactor control point so that reactor will 


anticipate needs of rest of plant 
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regulator rods, this criterion need not 
be firm if the rods move slowly. 


Shutdown 

The shutdown loop differs from the 
others in that it normally is not work- 
ing. Itis used only during an accident 
or malfunction and provides signals 
to turn off the reactor by either scram- 
ming or cutting back on power level. 
As previously indicated, the number of 
the shutdown 
reactor de- 


injected into 
function of 


The entire basis for 


signals 
loop is a 
sign philosophy. 
scramming, however, may well need 
to be re-examined for future power 
reactors. 

itself is a some- 
what new industrial concept. Safety 
devices that turn something off in the 


The scram circuit 


event of common 


enough in industry but differ from the 


overheating are 


scram in two important respects 


speed and many-decade shutdown. 
The type of shutdown generally means 
continuing instrumentation following 
a scram and also a large delay before 
the reactor can go back on line. 
Over-power scram. At present, re- 
actors employ lor protection what is 
commonly known as an 


If the power out of the reactor 


over-power 
scram. 
exceeds normal rating by a given 
amount, the reactor will be caused to 
The over-power trip point for 
110% 


This use of a 


scram. 
power reactors can vary from 
to 200% of full power. 
scram 1s proper as long as reactors are 
isolated, uncommon devices. 

However, there are both immediate 
and longer-range problems in the in- 
discriminate use of this scram. It is 
granted that in the next decade, power 
reactors will be only a very small part 
The loss of 
any one electrical generator probably 
will not affect the network as it 
doubtedly will supply only a small 
part of the Hence the 


power scram and any other supersafe 


of many utility networks. 
un- 


load. over- 
device can be indulged in to the limit 
of economic feasibility. 

As more and more electrical power is 
generated from nuclear energy, power 
systems will not continue to find com- 
tolerable. It 
nuclear power plant 


plete 
that a 
cheaper on a dollar-per-kw basis the 


scrams appears 


will be 


Nuclear plants of 
1,000-Mw electrical output are not 
beyond present-day conception. If 
one of these plants were removed from 
the a larger ripple 


larger the plant. 


line by a 
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FIG. 3. 


Parallel control sends simultaneous signals to several different control points 


through the system for improved over-all response 


the 
resulting damage and protest. 


might occur on system with 

To carry the situation to an extreme, 
imagine a complete electrical system 
supplied from a few nuclear-powered 
generators with controls operated in 
today’s scramming 
philosophy. If reactor 
receive a transient surge to 30% above 


accordance with 


one were to 
its rating, for example, regardless of 
how short the duration of this surge, 
this plant might scram off the line. 
This effect immediately presses heavier 
demand requirements on all of the 
other reactors of the system, and if 
they attempt to meet this demand with 
closely set scram levels, it is quite 
that the system 
might be caused to scram out. 


conceivable entire 
Such operation would, of course, be 


intolerable. Overload control of a 
different type surely will have to be 
provided for tomorrow’s reactors oper- 
ating in utility systems. 

Reason for over-power scram. 
Why should a_ present-day power 
reactor 


have an scram? 


The answer quickly 


over-power 
boils down to 
considerations of energy- 
both steady- 
state and transient bases. First, for 
the condition, let us 
assume that 
has an output capability very close to 
its rating. That is, the reactor may 
be capable of putting out continuously 
only 1.1 times its rating. 

It appears that in normal steady- 
state operation, if the power level 
drifts or otherwise changes slowly in 
this from 100% to close to 
110% of its rating, a violent scram is 
milder action 


separate 
handling capacity on 
steady-state 
we have a reactor that 


reactor 


not justified. Some 
would be sufficient. 
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Vol. 16, No. 5 - May, 1958 


suggested accidents can be 


analyzed in terms of a change of re- 
actor power Transients origi- 
nating at the load end of the plant 
usually fall into the slow-drift category 
in that many seconds are available to 
do something about them. This effect, 
the fact that a properly 


level. 


coupled with 
built-in temperature 
ficient the 
effectively eliminates the need of a 


negative coef- 


also mollifies accident, 
scram to protect against power-level 
changes originating in the load. 

Fast transients. It appears 
that the only transients that need be 
considered for scramming protection 
are the fast ones that originate in or 
near the First, the reactor 
clearly has a transient rating different 
from the steady-state rating depending 
on the shape of the transient and the 


now 


reactor. 


reactor heat capacity. 

A good example of a reactor-origi- 
nating transient is the startup accident. 
Here it is conceivable that any type of 
a fractional- 
second period. An over-power scram 
set modestly high, say at 150-175% of 
full-power rating, does about as much 
good as one set lower in that the inte- 
a pulse 


reactor can get on to 


grated output energy under 
having both a steep front and a steep 
A low- 


set scram would have only nuisance 


rear edge is likely to be small. 


value for steady-state drift and slow 


transients. 

This situation of 
examined for each individual reactor 
on a heat-capacity basis, but clearly 


course must be 


the condition previously described of a 
utility system scramming off the line 
using a high-set 
fast transients that 
originate near the reactor. Transients 
originating in the load can be taken 


can be avoided by 


scram to catch 


care of in some other manner. 


Plant-Control Philosophy 


It is a well-established principle of 
control systems that the primary 
control point should be as close to the 
output or working part of the system 
as possible. In the case of a nuclear 
power plant this that the 
primary control should start at the 
load end of the system rather than at 
the reactor. The bottom portion of 
Fig. 2 illustrates this situation. We 
can consider the control paths that are 
involved starting from the output and 
working back to the reactor. In a 
reactor having a negative temperature 
coefficient, it has been demonstrated 
that the load reflects back directly into 
the reactor so that any change in 
load creates a corresponding change in 
reactor output. In Fig. 2, in the 
absence of an external control path, 
more load calls for lower temperature 
into the reactor hence more 
reactivity via the negative temperature 
coefficient. The control path is es- 
sentially through the itself. 
The reactor can be operated inde- 
from a control 
point to such problems as 
startup, but 
essentially the steady-state minute-by- 
minute load demands are taken care of 
by the control path through the system. 

Demand loop. As there are usually 
variables other than output 
involved, additional control paths may 
be required. Figure 2 indicates the 
addition of a demand loop to the basic 
plant. Here two control paths permit 
regulation of another variable such as 
temperature or well as 
maintaining the desired power output. 
The time constants of these two paths 
generally are made widely different for 
stable control operation with the con- 
trol path through the system usually 
faster and the demand loop slower. 

Parallel control. types of 
plants have large amounts of piping or 
long time delays in the basie control 
path through the system. This may 
require parallel rather than the series 
control just illustrated. Figure 3 
indicates such a situation for a reactor 


means 


and 


system 
pendently reactor 
handle 


xenon, or depletion, 


power 


pressure as 


Some 


plant with two heat exchangers. In 
the control indicated the change at the 
primary control point is also made 
immediately at several intermediate 
control points. minor 

around major component 
sometimes required to settle out the 
system around programmed variables. 
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Reactor response is determined by combination of external and inherent feedbacks. 
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A426 are changes in some variable caused by changes in reactor power and load demand, respectively. 


Result is Aok. 


AP is difference between power and demand, and result is A.k 


Today’s Control Design 


Inherent and external feedback are the control designer's tools 


in solving four important problems of reactor behavior— 


startup, stability, transient response and programming 


By JOHN MacPHEE, Cons 


REACTOR-CONTROL analysis is con- 
cerned with feedback The 
designer must evaluate various inher- 
ent feedbacks 
ternal control loops. 
bility to use both internal and external 
control to make the 
economical and efficient as 

No single approach can be shown to 
be ideal at this time. EF: 
type has its individual characteristics 
Moreover, even after the type has been 
selected, there to 
program plant variables in the attempt 
to match reactor performance and load 


systems. 
and if necessar\ add ex- 
It is his responsi- 
reactor as safe, 
possible. 


ich reactor 


are various W ays 


Control Requirements 


For control considerations a reactor 
system can be represented schemati- 
AMF 


* PRESENT ADDRESS: Atomics, Greenwicl 


Conn. 
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cally The input to the 


fission process is the sum of changes in 


as in Fig. 1. 


reactivity produced by external dis- 


turbances such as noise and changes in 
control-rod position made by operator 
In addition there 
are inherent reactivity pro- 
duced by feedback due to temperature 
The output 


removed 


or control system. 
changes 
variations. 


and density 


is power, which is by one 


or more thermodynamic processes. 
These processes are also subject to dis- 
turbances such as loss of coolant flow 
and inadvertent opening of valves. 
The variables A@ in Fig. 1 
changes in any of the 
which describe the state of the system 
temperature, etc. 
A.@ represents the change in @ pro- 
duced by a change in reactor 
while A.@ represents the change pro- 


represent 
many variables 
pressure, density, 


power, 


duced change in demand. If 


there is a reactiy ity coeflicient by which 


by a 


a change in @ produces a change in 


correct sign, we can 


an inherent 


reactivity of the 
make of it 
control system. 

External control. If 
control system is required, 
to 
reactivity coefficient, 


use and have 


an external 
it can be 
artificial 
as shown in Fig. 


designed serve as an 
1. Instrumentation is used to meas- 
ure reactor power output and demand, 
the AP being applied to a 
servo system that moves a control rod. 
AP is analogous to A@ and the 


system is analogous reactivity 


difference 


servo 
to a 
coefficient. 

The 


problems: 


reactor system must meet four 
basic 

1. Startup. 
operation can be hazardous. 
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reactor 
At low 


This phase of 














power inherent feedback is relatively 
ineffective and cannot be counted on 
to shut the 


appreciable power 


down reactor until an 


level has been 


ittained. Therefore it is possible to 
get the reactor on a very short period 
by the time a significant power level is 
This, of 
ising automatic startup. 

2. Stability. 


stable, 


reached. course, suggests 
The system must be 
that 


illations must not occur. 


sustained 
Stability 


s strongly dependent on the magnitude 


which means 


the over-all reactivity coefficient. 
\ system with a large coefficient tends 
to be more unstable. Thus in a boiling 
reactor this is a real problem. 
3. Transient response. The reactor 
1ust be able to accommodate changes 
the These 
changes can be classified as long-term 


many of variables. 


and short-term, or sudden. Long- 
term changes include fuel burnup and 
xenon buildup. Short-term changes 


ire those of shorter period. 

In some systems inherent feedback 
provides adequate transient response. 
In others additional control equipment 

1ust be added. 

4. Steady-state programming. 
the 
values of 


manner in which 
steady-state the 
that describe the state of the reactor 
system change with the level of the 
These 


temperature, 


This refers to 


variables 


reactor power. variables in- 


clude coolant coolant 


pressure, average coolant density and 
the turbine-fluid properties. 


Startup Procedure 
Borax SPERT 
have demonstrated that short periods 


and experiments 





FIG. 2. 


Reduced delayed-neutron frac- 
tion of Pu?®® has this effect on period- 
vs-reactivity characteristic 
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in startup are not necessarily cata- 


strophic, but the self-shutdown mecha- 


nism involved is not well enough 
understood to allow extrapolation to 
different design conditions. Therefore 


it has generally been the practice to 
that no 
self-shutdown 


design startup systems so 
taken 


mechanism. 


credit is for 
Consequently the maximum rate at 


which reactivity can be added is 
usually established on a very conserva- 
tive basis. As a consequence of this 
the only advantage automatic startup 
offers is to give operating personnel 
a reduced program of duties during 
startup. It is not surprising then that 
most power reactors have manual 
startup. An exception is NRU (1). 

The use of U*** or Pu? as a fuel can 


have an effect on the startup system, 
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FIG. 3. Frequency-response method 
describes system in terms of steady-state 
sinusoidal response P(jw) to sinusoidal 
driving function A;k(jw). K's are gain 
constants, G's are frequency-dependent 
responses usually normalized to unity 
at w=0. Open-loop response is 
K,G,:K»G»o. Closed-loop response is 
Pljcw) / Ack(jw) 


depending on its design. This is be- 
the 
delayed neutrons these fuels have, as 
shown in the table on page 68. The 
effect of values of 8 on the 
steady period is shown by Fig. 2 for a 
prompt-neutron of 5 X 1075 
sec. Thus if the design of the startup 


cause of reduced fractions of 


reduced 
lifetime 


system for a given reactor fueled with 
that the 
becomes prompt critical, 
Pu®*® or U258 


a change in rod speed. 


reactor 
the 
would probably require 
On the other 
hand, if the reactor is assumed to go 


U2%> assumes never 


use of 


beyond prompt critical, the substitu- 
tion of these fuels would make little 
difference. For example, Newsom’s 
criterion (2) would result in the same 


rod speed regardless of fuel. 


Stability 

Certain reactors, notably the Borax 
reactors, the Experimental Breeder 
Reactor and SPERT-1, have exhibited 
















FIG. 4. Inherent frequency response 
of hypothetical reactor fueled with either 
U?*> or Pu®®®, Prompt-neutron lifetime 
is 5 X 10-* sec. Shown is K,G,(jw), the 
response of the bare reactor without 
feedback 

tendencies to oscillate. Such behavior, 

which can be attributed to some kind 
of feedback, is unstable if 
the oscillations become self-sustaining. 

Standard for investigating 

feedback systems have been applied in 


termed 
methods 


investigations of these reactor stability 
problems. The best known of the tech- 
niques, the frequency-response method, 
has been used to investigate experi- 
mentally the stability of EBR (3, 4), 
EBWR and Borax-4 (5). (See box on 
page 69 and Figs. 3-5.) 

What is the effect on stability of 
In the 
frequency range of interest the gain of 
the reactor K,G, is inversely propor- 
tional to 8, the fraction of the fission 
neutrons that are produced with delay. 
This is illustrated by Fig. 4 and the 
data in the table on page 68. It fol- 
lows that a reactor that becomes un- 
stable at 60 Mw when using U*** would 
Mw if Pu 

assuming that 
While there is no 


using fuels other than U**? 


become unstable at 20 
were used _ instead 
feedback is linear. 
assurance that the feedback is linear 
in real systems, it seems safe to say 
that the effect of using U2** or Pu®*® will 
be deleterious insofar as stability is 
concerned. 

Preferential xenon burnout leads to 
another type of instability 
tions in the flux distribution (6-8). 


oscilla- 


Short-Term Transients 

One important control problem is 
the short-term transient response of 
the ‘short 
meant times less than several minutes. 
A system must be stable; it must also 
have an acceptable transient response 


system. By term” is 


such that overshoots in temperature 
and pressure do not damage the system. 


Short-term transients are produced 
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by such disturbances as load changes, 
xenon burnout, of cold 
coolant, and loss of coolant flow. 

Load disturbances. The 
proaches that have been taken toward 
load disturbances c be 
classified as either preventive or cor- 
rective. In the former an attempt is 
made to isolate the that 
disturbances are prevented from being 
reflected back to the reactor 

The second or corrective approach 


introduction 
ap- 


an generally 


reactor 


SO 


is the more common. The system is 
designed to take corrective action in 
response to the disturbance and match 
Examples are 


PWR the 


reactor power to load. 
HRT, SRE, APPR, 
Enrico Fermi Reactor. 

In general, reactors that use pres- 


and 


surized water as the coolant have an 


inherent control system adequate to 


FIG. 5. Closed-loop response of hypo- 
thetical U?*® reactor. Feedback con- 
sists of two first-order lags with 0.3-sec 
time constants. Gain curves are nor- 
malized to 0 db atw = 0 


accommodate load changes. Exam- 
ples are HRT (9) and APPR 


However, it has been pointed out that 


10 


in marine applications, where it may 
be necessary to go from full ahead to 
zero to full astern in tens of seconds 
(11), an external control system would 
also be required in pressurized-water 
plants. It is not that 
some land-based 


inconceivable 
plants will re 
the same response. An oil-fired plant 
has been required (and built) that goes 


pure 


] 


from 5% to nearly full load in as little 
as 3 sec (12). 

On the other 
cooled reactors must rely 


hand, liquid-metal- 


on external 


control systems to accommodate load 


changes as evidenced by SRE and the 
Enrico Fermi Reactor. 

It has been suggested in the past 
that natural-circulation boiling reactors 
with sufficient heat 
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capacity can be 


with external control 


system to accomplish load matching 


equipped an 
(13), thereby eliminating one need for 
steam dumping. 
dumping system is still required in the 


Of course, the steam 


direct cycle for pressure relief. 

experience with EBWR 
that this reactor 
made to perform satisfactorily with an 


Oper- 
ating has 
indicated can be 
external control system. 
Loss of coolant flow. 
accident that limits the design of many 


flow. The 


only kinds of reactors that appear to 


A conceivable 
reactors is loss of coolant 


have inherent control systems capable 
of accommodating loss of coolant flow 
are circulating-fuel and homogeneous 
reactors. 

In 
phase, liquid-cooled, heterogeneous re- 
to the 
reactor on loss of coolant flow to limit 
temperature to 
However, calculations 
performed on the APPR design indi- 
cate that under certain conditions this 
(14). This 
may be due in part to its relatively low 
power density (90 kw/I1 of coolant) and 
the fact that 
system is designed to remove a signifi- 


of 


most forced-convection, single- 


actors it is necessary scram 


yressure and surges 
I 


safe values. 


reactor is an exception 


the primary coolant 
cant amount natural 
circulation. 

An interesting aside in connection 
with this problem is that it has been 
found in the SRE design (15) that 
shutting down the reactor too quickly 
after loss of the pumps will result in 
Asa result, 


power by 


excessive thermal stresses. 

only one rod is scrammed rather than 

all the rods. 
Coolant flow 


in natural-circulation 


boiling reactors can be lost if the water 
level in the reactor vessel is allowed to 
The 
most serious consequence is that the 
This 
was borne out by the ‘teapot experi- 
Borax-4 (6). 

appear 


drop below the top of the riser. 


reactor will become unstable. 
conducted 
this 


more serious than loss of flow in other 


ment”’ on 


However, does not any 
reactor types, in that there is ample 
warning to the reactor. To 
prevent such an accident, the EBWR 
has a low-water-level scram. 
Cold-coolant accident. 
ity disturbance can be produced by the 


scram 


A reactiv- 


introduction of a cold slug of coolant 
into the core when the coolant has a 
of 
most 


negative temperature coefficient 


This 


water-cooled 


reactivity. accident is 


serious in reactors be- 
cause of their larger coolant-tempera- 


Here 


the approach is to prevent such 


ture coefficients of reactivity. 
an 
accident through interlocks. 

Subcooled or pressurized homo- 
geneous reactors are somewhat better 
sub- 
the 


This is because 


heterogeneous 
to 
cold-coolant accident. 


equipped than 


cooled reactors cope with 
homogeneous reactors have a larger 
Natu- 
ral-circulation boiling reactors are even 
better off that it 


impossible to get a slug of cold water 


volume of coolant in the core. 


in is practically 
into the core. 

Ceramic fuel elements. The 
ceramic fuel elements can have a 


use 
of 
pronounced effect on short-term tran- 
sient response of systems that depend 

Such fuel 
considerable 


on an inherent control. 


elements have received 


attention in systems where it is pro- 





Delayed-Neutron Groups* from Three 


Group Bit 
3.01 

1.14 

0.301 
0.111 
0.0305 
0.0124 


00027 
00073 
00254 
00125 
00140 
00021 
00640 


~ 


19 
= reciprocal of mean life (sec 


Computed from reference 
TA 
t 8 = delayed-neutron fraction 
Effective yields take into account energy diffe 


neutrons 


Values of 


Reactor 


0.000085 

0.000128 12 

0.000695 325 

0.000630 124 
0337 0.000747 0301 
0126 0.000215 0128 

0.002500 


000092 
OO0181 

000685 
000443 
000626 
000073 
002100 


8 are actual rather than effective yields. 


rence at birth between prompt and delayed 
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posed to load significant quantities of 
thorium or U?** in the reactor. The 
reason for their effect is that their time 
constant or thermal lag is longer than 
for metallic fuel elements. For ex- 
ample, a }4-in.-dia fuel element with a 
UO, matrix has a time constant of 
On the other hand, the 
time constant of a thin metallic plate- 
type element is so small as to be negligi- 
ble. Therefore, the effect of using 
elements is to introduce an 


~10 sec. 


ceramic 
ippreciable lag in the system, which 
will degrade the short-term transient 
Sub- 


stitution of an all-ceramic core for an 


response and increase overshoot. 


all-metallic core can result in the neces- 
sity for an external control system in a 
that not 


require one, 


reactor would otherwise 
The preceding statements ignore the 
effect that 
enrichment systems. 


low- 
the 
the 
Doppler effect is small compared to 


Doppler exists in 
However, 
reactivity change produced by 
the reactivity change produced by a 
Thus 
the Doppler effect can be neglected 

the first approximation if the fuel- 
lement time constant is the dominant 
the 
Doppler 


change in coolant temperature 


means longest one. 
the effect will 
influence the steady-state programming 


one—which 


However, 


problem as mentioned later. 


Long-Term Transients 


\ reactor is also subjected to long- 
term disturbances where “long-term” 
denotes times of the order of days; the 
two most important are xenon buildup 
and fuel burnup. 

Xenon buildup is not much of a 
problem and is usually compensated 


Reaclivity 
Reactivity 


Reactivity 
Reactivity 


Time — 


FIG. 6. 


selection. 
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Reactivity effect of burnup can be changed by fuel 
U235 +- thorium time scale is expanded 


for by manual changes in rod position. 
Of course, in a fast reactor, Xe!** is 
no problem at all since it has a large 
cross section only for slow neutrons. 
The problem of fuel burnup is more 
that 
decrease in reactivity may limit core 
lifetime. 
maintaining reactivity include use of 


[238 


serious in the accompanying 


The techniques available for 
burnable poisons, and thorium 
(16, 17). 

The effect of these materials on long- 
term reactivity is illustrated by the 
sketches in Fig. 6. The reactivity of a 
highly enriched core decreases with 
time due to fission-product buildup. 
Assuming that corrosion and radiation 
damage are not limiting factors, the 
core life will be limited by total con- 
trol-rod That is, as fuel is 
burned, reactivity decreases and must 


worth. 


be compensated for by withdrawing 
When 


creases to the point where the control 


control rods. reactivity de- 
rods have been completely withdrawn, 
the core must be replaced. 

The use of burnable poison, as in the 
APPR, extends the core life as indi- 
cated in Fig. 6. However, this scheme 
requires a higher initial loading of fuel 
and has a poor neutron economy. 

U2 has somewhat the same effect as 
burnable that reactivity 
initially increases due to plutonium 


poisons in 


buildup (assuming the system has a sig- 
Ultimately, 
reactivity decreases with fission-prod- 
uct buildup. 

The curve of reactivity as a function 


nificant conversion ratio). 


of time for a thorium system shows an 
initial reactivity. This 
comes from the longer delay in the 


decrease in 


conversion of U*** from Th?*? as com- 





Frequency-Response 
Analysis of Reactors 


A reactor system can be character- 
ized by its steady-state response to 
a small sinusoidal forcing function 
as illustrated in Fig. 3. 
function must be small so that the 
kinetic equations can be treated as 
It can be created by oscillat- 


The forcing 


linear. 
ing a control rod. Figure 4 shows 
the frequency response of a reactor 
with neither inherent nor external 
feedback. This is A, G,(jo 
Fig. 5 shows the closed-loop response 
of a hypothetical reactor. 

Peaking is the ratio of the maxi- 
mum closed-loop amplitude to the 
amplitude at zero frequency. When 
peaking is infinite, the system will 


in Fig. 3. 


sustain oscillations. This suggests 
measuring peaking at different power 
levels and plotting reciprocal peak- 
ing against power. Extrapolation to 
zero shows the maximum power at 


which the system is stable. 


pared with the conversion of Pu*** 
U2%8, However, as re- 
activity in the thorium system does in- 
crease after the Here 
again, though, the curve is applicable 
only to systems with a significant 
conversion ratio. Although not shown 
reactivity eventually de- 


from shown, 


initial dip. 


in Fig. 6, 
creases with time in this system as well 
because of fission-product buildup. 

It has been suggested that the curve 
of reactivity vs. time can be flattened 
by using a combination of U*** and 
thorium. The reasoning behind this is 
apparent from Fig. 6. 

As for current practice, the APPR 
uses burnable poisons, the PWR and 
EBWR use U2", Borax-4 and HRT use 











Time—> 


FIG. 7. Three possible programs hold constant, respectively, 
average temperature, all temperatures, inlet temperature 


69 





Inherent Feedback in a Pressurized-Water System 


A pressurized-water reactor is an impressive example of inherent feedback. 
The variable ¢ of Fig. 1 would represent average coolant temperature in the 


core, 


pressure and hence steam temperature decrease. 


If load is increased, steam flow to the turbine increases; thus, steam 


This cools the primary 


water leaving the heat exchanger, which causes the inlet temperature at the 
core to decrease, which in turn reduces the average temperature of the 


coolont in the core. 
increased. 


In terms of Fig. 1, 4.6 becomes negative as the load is 


Because the reactor has a negative temperature coefficient, the decrease in 


0 causes reactivity and thus reactor power to increase. 
tor power heats the water in the core, causing an increase in @. 


positive A,é. 


The increase in reac- 
This is a 


Thus the system tends to be self-regulating; when equilibrium 


is reached, the decrease in @ (A2@) caused by increasing load is compensated by 


an increase in @ (4,0) produced by an increase in reactor power. 


change is zero. 
system is required. 


the 


Edison and Commonwealth 


thorium, and reactors for Con- 
solidated 
Edison will use U2** with some thorium. 
The curves in Fig. 6 are for hetero- 
geneous cores and do not necessarily 
apply to homogeneous systems. 

A long-term reactivity disturbance 
peculiar to homogeneous systems is the 
so-called “‘walk-away”’ problem (1/8). 
This fuel 
tration, and hence reactivity, caused 
by radiolytic gas production. How- 
ever, it does not appear to be a serious 


is the increase in concen- 


problem and can be corrected directly 
by suppressing gas evolution. 


Steady-State Programming 


A final problem is how to program 


the important variables with 
respect to load. 
lems are generally the same whether the 


reactor is homogeneous, heterogeneous, 


plant 
Programming prob- 


liquid-metal-cooled or water-cooled as 
long as cooling is by forced circulation. 
Reactivity follows average temperature 
if the coolant temperature coefficient of 

-activity is much larger than that of the 
fuel. Therefore a 
temperature program is a 
reactivity program. 

In a boiling reactor, however, re- 
activity is proportional to 
coolant density. Thus a 
reactivity program requires operation 
over a very large pressure range. Low- 
enrichment fuels present special prob- 
lems because of the Doppler effect, 
which will be discussed later. 

Forced convection cooling. Reac- 
tors that are cooled by forced con- 
vection include one or more circulating 
pumps for the primary coolant and one 
or more heat exchangers for transfer- 
ring heat from the radioactive primary 
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constant-average- 


constant- 


average 


constant- 


The net 


If the inherent feedback is large enough, no external control 


loop to the nonradioactive secondary 
loop. In general, steam is generated 
on the secondary side of the heat ex- 
changer and used as the turbine fluid. 
The problem is: What is the best 
method of regulating coolant flow rate, 
average core temperature, and coolant 
temperature rise across the core with 
respect to load? 

rhree possible systems are shown in 
In the first, the flow rate and 
average temperature are constant, and 
inlet outlet 
symmetrically about the average. In 
the second, all temperatures are held 


Fig. 7. 


and temperature vary 


constant by varying the flow rate. 
In the third, inlet temperature and flow 
rate are constant and outlet and aver- 
age temperatures are allowed to vary. 

A variable-temperature system is 
undesirable because of thermal stresses 
produced by changing the temperature 
and because of pressure surges. Fur- 
thermore, a system in which the average 
steady-state core temperature changes 
does not exploit the temperature coef- 
the other 
hand, a constant-average-temperature 
system results in variable steam tem- 


ficient of reactivity. On 


perature and pressure because of the 
temperature drop across the heat ex- 
This is undesirable from the 
standpoint of the secondary system 


changer. 


design. 

Finally, a system with a constant 
temperature rise across the core re- 
quires that the coolant flow rate vary, 
Thus, 


there is no panacea to the program- 


which is an added complication. 


ming problem, although certain trends 
can be recognized in systems presently 
built or well under way. The methods 
used in practice are summarized in the 


table on page 71 of this report. Some 


listed as having ¢ 


fic Ww 


fact, two-speed pumps. 


of the 
constant 


systems 

coolant rate have, in 
However, in 
essence these are constant-flow systems. 

Boiling reactors. 
actor using natural-circulation cooling, 
reactivity requires a very 
Under constant- 


In a boiling re- 


constant 
large pressure range. 
coolant-density conditions, it has been 
that will 
automatically match load (13). Be- 
cause the pressure variation required 
is so large as to be impractical, al! 


suggested reactor power 


boiling reactors to date have operated 
with constant-pressure and variable- 
reactivity programming. 

Forced circulation offers an out to 
The amount of 
can be 
both 
constant-reactivity programming. 

Low-enrichment fuels. The preced- 
ing the 
Doppler effect, which will be a factor in 


this problem. sub- 


cooling varied enough to 


provide constant-pressure and 


discussions have neglected 
systems using low enriched fuel. It 
causes reactivity to decrease as fuel 
temperature increases. A typical vari- 
ation in reactivity over the power 
range is 0.15% Ak. Ina water system, 
with a coolant temperature coef- 
ficient of reactivity of say —2 X 1074 
Ak/° F, the average coolant tempera- 
ture would have to change 7.5° F to 
compensate for this. Thus to main- 
tain a 
program, reactivity must be varied by 


constant-average-tem perature 


means of an external control system. 
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Reactor Control Strategies 


Operational control strategies for power reactors are dictated by reactor type 


but are implemented in many ways, a NUCLEONICS survey shows 


REACTOR CONTROL STRATEGIES, when 
grouped by reactor type, are seen to fol- 


low 


water reactors use a constant-T ,,, 


generic lines. Thus pressurized- 
con- 
stant-flow program, and gas reactors 
use a constant-temperature—variable-flow 
program. 

Within these broad categories each re- 
actor group interprets control strategy in 
its own way. As part of its survey of 
design specifications for power-reactor 
control systems around the world, (see p. 
74), NUCLEONICS asked for a summary 
The 
survey information about control strate- 


table 
Detailed comments as 


of the control approach employed. 
gies is summarized in the on the 
following page. 
provided by some of the reactor groups 


follow. 


Pressurized-Water Reactors 


Operators and designers at pressur- 
ized-water reactors find their control 
In par- 
ticular an experiment with the Army 
Package Power Reactor backs up these 


systems simple and effective. 


observations dramatically (see box, p. 
73). 
Yankee. The advantage obtained 
through the use of a constant-average- 
temperature control program for pres- 
surized-water reactors is that, in most 
cases, these plants are self-regulating 
through the moderator’s negative tem- 
perature coefficient of reactivity. As 
a result, rod action is needed only to 
limit the peak of large transients, and 
the duty of the reactor control system 
and rod-drive mechanisms is kept to a 
minimum. Moreover, the duties of 
various systems of the primary reactor 
plant, such as the pressurizer and the 
feed and bleed systems, are also min- 
imized through the use of a constant 
T avg program. 
Shippingport (PWR). 


load changes, usually not over 20% of 


Most normal 


full power, are accommodated by the 
temperature 
Principal use of 


inherent negative coef- 
ficient of reactivity. 
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the control rods is to adjust for slow 
reactivity changes (such as xenon) to 
hold average temperatures constant. 
Although an automatic reactor con- 
trol system is provided, the reactor has 
undergone a 100% stepwise reduction 
in power (turbine-throttle 
trip) while under manual control with- 
out exceeding any design operating 
limits (NU, Apr. ’58, p. 71). The 
pressurizer-spray control was operative 


demand 


and system relief-valve settings were 
not reached. Coolant temperature did 
not reach the alarm point. 

The automatic control system used 
in PWR to maintain 7, is typical of 
many pressurized-water reactors: the 
system uses the reactor inlet and outlet 
temperatures in the basic error signal 
with rate of change of reactor neutron 
flux as a damping signal. Thus, con- 
trol-system error signal 7’,,,or is given by 


= 523 _ 16 (Toutiet + T iniet) 
—K d(log N)/dt 


Control-rod action is initiated at T'..ro., 
as computed above, and is +3° F. 
NPD-2. Among pressurized-water 
reactors, the control system for the 
Canadian NPD-2 reactor is the most 
unusual. Reactivity is controlled prin- 
cipally by changing the temperature 
and volume of the moderator. (There 
is in addition a single slow-moving 
enriched rod, worth about 33¢.) Mod- 
erator volume control performs the 
usual function of regulating and shut- 
off rods. Both volume and tempera- 
ture control compensate for xenon. 
The moderator volume is connected 
at the bottom through a “ weir-action”’ 
port to a dump tank. The moderator 
is supported by a differential helium 
gas pressure the moderator 
cover space and the dump tank. A 
parallel system of helium blowers and 
regulating valves maintains the pres- 
sure difference. Under steady-state 
conditions the regulating valves are 
open enough to pass just the capacity 
of the blowers (which run at constant 


between 


rate). Pumps lift moderator from 
the dump tank to the core at a rate 
equal to the flow through the weir- 
action port. 

Movement of the regulating valves 
from their steady-state position es- 
tablishes a rate of change of differential 
pressure. The moderator level follows 
through a change in port flow. The 
maximum positive reactivity rate due 
to change of moderator volume is 
limited by blower capacity. Dump 
valves are also provided. They can 
be opened in 0.5 sec by protective 
circuits and are large enough that the 
moderator tank empties in about 12 sec. 


Gas-Cooled Reactors 


In contrast to pressurized-water 
designs, the gas-cooled reactors rely 
heavily on automatic external control 
systems to hold parameter values. 
These systems vary gas flow, control- 
rod position and pressure of low-pres- 
sure steam to maintain constant reactor 
power and constant gas inlet and outlet 
temperatures. 

Berkeley (England) power station. 
When starting up or shutting down, 
control of the rods is manual. Under 
operating conditions the rods are con- 
trolled so as to keep gas-outlet temper- 
ature at a preset value. 

Station output is varied by altering 
the turbine-throttle settings and simul- 
taneously adjusting the gas mass flow 
to maintain h.p. steam pressure at its 
normal operation value. The turbine 
h.p. and |.p. throttle valves are ganged 
so that the l.p. steam pressure is 
allowed to vary with different h.p. 
throttle settings. This variation is 
calculated so as to maintain the reactor 
gas-inlet temperature at all loads. 

Gas is circulated through the eight 
boilers by means of eight single-stage 
axial-flow gas circulators. These are 
driven by eight induction motors 
supplied from the station auxiliary bus 
bars. Circulator speed is varied by 
a hydraulic coupling between the circu- 
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lator and its driving motor. The 
power transmitted by these couplings 
is varied with a ganged controller from 
the central control room. 


Boiling-Water Reactors 


The boiling-water reactors also are 
provided with fairly elaborate control- 
loop systems. 

Dresden is to be controlled by means 
of a turbine-speed governor and a 
pressure regulator. 
trols are tied together by 
control-linkage system to operate the 
primary-turbine admission valves, the 


These two con- 


a special 


primary-steam-bypass valves and the 
secondary-turbine admission valves 
The pressure regulator holds essentially 
constant pressure in the reactor vessel 
to prevent reactivity changes arising 
from pressure fluctuations. Primary 
steam is admitted to the turbine in 
sufficient quantity to hold the set 
pressure. If the turbine cannot ac- 
commodate this required steam flow, 
the bypass valves open and the excess 
steam is passed to the condenser. The 
speed-governor mechanism admits sec- 
ondary steam to the turbine to com- 
plete the total turbine requirements 
and control 
cooling to maintain reactor power at 


reactor-inlet-water sub- 


the proper level. The system is an all- 
hydraulic control operated from the 
turbine-oil supply. 

A backup pressure regulator is pro- 
vided to override the main pressur 
regulator if the latter should fail and 
allow the system pressure to rise. In 
addition to this linkage tie-in between 
primary and secondary valve openings 
another connection between primary 
and secondary steam flow is used as a 
mechanism of void control. As the 
load on the turbine is increased, more 
secondary steam is admitted to the 
inlet 
from the primary side of the secondary 


turbine, subcooling at the cor 


heat exchanger is increased, and boiling 
occurs at a higher level in the core. 
The effective 
diminished, 

creases and primary steam and steam 
voids build up. 
up to the value before the load change. 


reactivity in voids is 
core-power output in- 
Void reactivity builds 


By this means load control in the range 
of 40-100% of full load is effected 
automatically by changes in secondary 
steam flow, without any control-rod 
repositioning. 

EBWR. Since the EBWR system in- 
cludes an 
ralve, the general policy for routine 
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TABLE 1 


Reactor 


* 


for loca- Fixed parameters 


tion S€€ (value doe 8 not 


pp. 74-77) change with load) 


Pressurized-water reactors 
APPR-1 T v. 


ave? 


PWR lin Fae 


NPD-2 Tum 


BR-3 T ave: 
Yankee fe 


Gas-cooled reactors 
Berkeley 5 er A 
Calder Hall 

Bradwell 

Hunterston 


EDF-1 
G-2 


G-3 


Boiling-water reactors 
EBWR Fs. €s 


natural circulation 


far 


Dresden 


Sodium-cooled reactors 
EBR-2 (ae os 


PRDC 


SRE 


Homogeneous reactors 
HRE-2 Ps Va lar 


* Definition of parameters in table: 7, = reactor-coolant outlet temperature, 7; 
reactor-coolant flow, P 
= average 


tor-coolant inlet temperature, V- 


P, secondary-system steam pressure, T'svg 


T. fuel-element surface temperature, V, = steam flow 


Load-dependent parameters 
(value is fixed during 
steady-state operation but 


change 8s with load) 


Steady-State Programs Used by Today’s Reactors 


External control loops 


* (automatic unless noted) 


Activating Compensating 


signal* response 


rod motion 
(manual) 
T svg, flux rod motion 
FP pressurizer 
heaters or 
sprayer 
operation 
liquid-moder- 
ator level 
change 
‘ave, flux rod motion 


‘ave, lux rod motion 


if rod motion 
station gas-circulator 
load speed 
7; l.p. steam-pres- 
sure throttle 
adjustment 
gas-flow 
change 
rod motion 


P bypass valve 
operation 

g bypass valve 

operation 

change l.p. 

load turbine throt- 


station 


tle and feed- 
water sub- 
cooling 


rod motion 
change V, 
manual) 
rod motion 
change pump 
speed 
change feed- 
water flow 


operate con- 
densate 
heaters 
change fuel 


concentration 


reac- 
primary-system pressure, 


reactor-coolant temperature, 
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operation is to maintain a constant 
steam flow, not a constant pressure. 
A small variation in pressure (about 
10 Ibs) is tolerated at all times, the 
pressure variation being used to adjust 
the steam flow to the reactor output. 

Under these circumstances, the load 
is dependent upon the power of the re- 
actor. By closing the bypass the re- 
actor can be run so that the reactor 
power follows the load as would be true 
in a power plant. Under these condi- 
tions, the operator is aware of the 
steam flow, the pressure, and the elec- 
trical kilowatt He can easily 
hold the reactor at pressures within 
about 10 lb of the desired 600 psig by 
moving the rods in discreet amounts of 


load. 


about 14 in. at widely spaced intervals. 
In time the heat capacity of the system 
and the negative temperature coeffi- 
cient of the water tend to stabilize the 
over-all plant so that continual rod- 
adjustment to off-set pressure varia- 
tions is not necessary. 

The large thermal capacity of EBWR 
would make it easy to install an auto- 
fact, 
a system is presently planned as an 
experiment but, because of the little 


matic rod-positioner. In such 


need seen for it, no accelerated effort 
Were a boiling reactor 
to be operated as an isolated plant, the 


is being made. 


ability to follow load changes would 
considerably inhibit the piant opera- 
tion, unless an automatic system were 


ay ailable. 


Sodium-Graphite Reactors 
SRE. 


ment operates at fairly high tempera- 
tures with large temperature differences 
in the system (500° F inlet and 960° F 
outlet). Due to the high thermal! con- 


The Sodium Reactor Experi- 


ductivity of the sodium coolant, and 
the high film coefficient associated with 
it, any change in sodium temperature 
is very quickly reflected by correspond- 
the 
piping, tank walls, heat exchangers and 
system components. In order 
the resultant thermal 

ling, the SRE is operated with fixed 
inlet outlet temperatures, 
flow rates are varied as the 


ing temperature variations in 
other 
to minimize 
and and 
sodium 


power level changes. 
Fast Breeders 
EBR-2. The flow 


is regulated at any given power 


primary-system 
rate 
level to provide a predetermined re- 
actor-coolant outlet temperature, vary- 
ing from 900° F at full power to 850° F 
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(kw) 


Reactor Power 





Reactor Outshines Generator in APPR Load Response 











system stability. 
six times within two hours. 


moved. 
moderate. 





p!5 min- - 


Time(min) 


APPR generator output trace taken during recent demonstration of 
Generator load was cycled from full load to no load 
During this time reactor was controlled 
entirely by negative temperature coefficient—no control rods were 
Resulting temperature and pressure transients were quite 
Operators find load response is limited more by turbine- 
and-generator response than reactor response. 








This 50° F vari- 
ation in reactor-coolant outlet tempera- 


at very low power. 


ture provides for a constant steam 
temperature of 850° F at all power 
levels. 

Irrespective of reactor power level, 
the temperature of the cold leg of the 
system automatically re- 
mains 580° F and 610° F. 
This is because the temperature of the 
evaporator water is kept constant and 


secondary 
between 


the design and capacity of the evapo- 
rator are such as to effect a very small 
approach temperature at the sodium 
outlet Also irrespective of re- 
actor power level, the temperature of 


end. 


the hot leg of the secondary system 
remains relatively constant, varying 
from about 880° F at full power to 
about 850° F at very low power (re- 
flecting control of the reactor-outlet 
Consequently, 
the rates of heat removal from both 
the primary system and the secondary 
system become approximately propor- 


coolant temperature). 


tional to the secondary-system flow 
rate. 


Homogeneous Reactors 


The control philosophy of homo- 
geneous reactors is the most unusual— 


these reactors do not need control rods. 

HRE-2, In Reactor 
Experiment-2 control is applied to the 
fuel temperature by regulating the 
uranium concentration of the circulat- 


Homogeneous 


ing fuel. Power level control is man- 
ual, depending simply on the heat 
removal rate (turbine governor—con- 
trolled) set by the With 


this type of reactor system, the philos- 


operator. 


ophy is to control only the reactor 
pressure and temperature. The re- 
actor pressure results from the applica- 
tion of electric heaters to a condensate 
tank. 

The condensate heaters are turned 
on and off automatically to main- 
tain a previously set pressure. The 
temperature of the circulating fuel, 
although dependent on the concentra- 
tion of uranium, must be controlled 
within limits to prevent the chemical 
instability that might result at exces- 
the 
the 
homogeneous reactor is equivalent to 


sive temperatures. In a sense, 


concentration-control system of 
the control rods of solid-fuel reactors. 
Likewise, the dumping of the liquid in 
the high-pressure system of the homo- 
geneous reactor is equivalent to a 
scram in the other system. 
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K€ 


Reactor 


Location 
Type boi 
Output 
Mw(th) 
M wie) 
Manufacturer 
Date on line 


Control requirements—new or equilib- 
rium core ( %Ak/k) 
Temperature compensation 
Equilibrium xenon 
Xenon override 
Equilibrium samarium 
Other reactivity allowances 
Total requirement! 
Total rod worth 


Parameters of actual control system 
Xenon poison interval? (hr 
Range, electric power (Mw 
Accuracy, electric power (kw 
Response time (sec) 
Emergency shutdown time 
Size of neutron source (n/se¢ 


Control rods 


Shape 

Number 

Absorber section 
Composition 


Length (in.) 
Fuel section 


Stroke (in.) 

Weight, each rod (Ib) 

Withdrawal rate (in. 

Insertion time (sec) 
Normal 
Emergency 


min 


Rod drives 
Type 


Number 

Power requirement 
(volts) 

(no. of phases) 
(amperes) 

Motor rating 
(horsepower) 
(rpm) 

Position-indicator 
accuracy (in., +) 





1 Control requirements are not strictly additive 
Thus total requirement is not always the sum of 
individual contributions. 

2 Question asked was, ‘Length of interval 
which xenon makes reactor inoperable after 
down from design load?” 


*Steam voids, 2.0 tif peak operating 
110-in. X 10-in 


Arbor. 
xenon level is reached. 
cross. 

Borax-4, *80°-417° F, 300 psig 
operation. Initial max power is 4.5 Mw 
ance for burnup and voids. 

Dresden. *Voids, 2.3; 
reduced-power operation required 
full power. §Absorber section only 
force for all control-element movement 


4-in 


tFor 8-Mw 
tBal 


tSome 
100 
© Driving 


burnup 2.0 


140 


s derived 


Arco 


Arbor 


Idaho 


ling water 


200 
0 


Argonne 


1960 


ruciformt 


gy 


B in ss 


=. 
la 


none 
7) 
(2 
320 


18S 


and pinion 


from accumulators backed up by vessel pressure. 
Reactor 
April 


EBWR. 


ated at 
tVoids a 

VBWR 
yutput; 
tVoids 
5.75-in 
weighing 


blocks 


i-c moto 


Borax-4 


Arco, Idaho 
boiling water 


Argonne 
Jan. 1957 


blade 


vo 


boral & Hf tip (4 
Al-clad Cd (1) 
49 
(none) 


9 


206 
12 


09.90 
) 
) 


97 9 
127.2 


0 





*Design 
61.7 Mw(th) 
nd burnup. 


power 


(NU, 


*Turbine generator limited to 5-Mw 
remaining 1.8 Mw dumped to condenser. 


1.5, fuel burnup 1.0. 


blade weighing 30 Ib; six are 12-in. blades 

§27% 27 
Top-entering 
pneumatic similar to those on Borax-3. 


60 Ib 
"Not 


each, 
scram, 


9 


r through chains to 2 vertical lead screws 
During scram 200-lb air is applied to upper por- 


tion of air cylinder 


ALPR 
provided 
tion to 


are not strictly additive.) 


*In addition 400 kw of space heating is 
tCritical opera- qi 
Reactor 
composition. 


tVoids and burnup. 
cold condition. 


(Control 
$Figures indicated are 


Dresden 


Morris, Ill 


boiling water 


625 
180 
GE 

1960 


cruciiorm 
SU 


0% B in ss 
102 
(none 


106 


155§ 


360 


locking hydrauli 
piston4 


SU 





has oper- 


58, p. 25). 


TOne rod is a 


. \4-in. 
electro- 
Drive is 


BA 


requirements 


BOILING WATER 





tor 
assemblies 
tional T 
20 

Complete 


burnable p« 
tTransient 
only at end of life 
troducing 


water-filled 


with 





EBWR 


Lemont, Il. 
boiling water 
20* 

5* 
Argonne 
Jec. 1956 


ruciform 


4 
2% Bin 
304 ss 
16 


(none 


~1,000 


0.35 


sad screw 
and nut 


f 


ciform rods and reference 


Maximum 


The T-shaped 


180n 


xenon will 


tube has 


plates have 


File No. 2 
**22 x 2 





shaped rods and a 
rods 
xenon override for 75 
*Fuel burnup, fission products, residual 
24.6 with 7 rods. 


inoperable 


TWith 5 rods 
make 


2.65 


0.09-in. 
304L-stainless-steel 
2 close packed (NU 
meat 


a ring, 
Aug. 
281-in. 


VBWR 


Vallecitos, Calif 
boiling water 


30 
6.8* 
GE 

Aug. 1957 


blade 
7+ 
‘+ 
B.C bloc 
in ss§ 
43 
(none 
42 
30, 60T 
4 or 12 


600,200 
1334 


lead screw 
and nut 


core of 
will have 4 
total rod 
weigh 37 Ib 


reactor 


rime estimate is complicated 
by fact system cools off following shutdown, in- 


reactivity Ny 


2.65-in 


sorber section and 16 fuel plates in fuel section. 
Absorbing 
0.033 in. of 
centerline, 4 in 


meat 


57 This is 


fuel section 
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40 fuel 
addi- 
worth of 
each. 
of core life. 


square 
4 absorbing plates in 


thickness 
cladding. 


Responses to a NUCLEONICS Questionnaire 





rI€ 


ALPR 


Arco, Idaho 


boiling water 


3 

0.3* 
Argonne 

1958 


cruciform) 


5§ 


Cd in Al-Ni 
alloy 


29) 


none 


6 
~600 


> 


rack and pinion 





fuel plates 
).005 in 
mposition is 26 

} 91.56 
BR-3 
TAt 


primary coolant. 


§( 


sient analy sis 





operating 





APPR 


Fort Belvoir, Va 
pressurized water 
10 
1.825 
Alco 
April 1957 


square tube§ 
7 
B'° in Fe 


2.9% 


20.81 


aed 


440 


0.65-0.70 


rack and pinion 


440 
3 


0.167 
1,140 


0 .100 


Each plate has 0.020 in. meat, 
304L ss cladding on both sides 
11 gm U245 
gm 302L s 
*Fission-product poisons and fuel burn- 
temperature. 
cold clean shutdown, borated water is added 
tUp to 5,000-hr of core life. 
annot be specified until completion of tran- 
“Not considering dashpot effect. 


To 


Holding-power requirement. 


NPD. 
controllable 
moving 


from 


to full load. 


PWR *60 Mw 


*For regulation. 


(total 
furnishes minimum poison override. 


booster rod 


t+ Moderator 
to empty tank. 
worth 0.24 


tFuel burnup. 





in UO:s, 0.0245 gm 


provide 


level is 
Freely 
Ak /k) 
tZero load 
§Full power to 10% power. 
net. tit is 
estimated that reactor will be able to fully over- 


BR-3 


Mol, Belgium 
pressurized water 
43 
11.5 


Westinghouse 
1959 


~5 
0. 66-3 .0 
1.2 X 108 


cruciform 
12 


Hf or Ag-Cd-In 


) 


ve 


(none) 


magnetic jack 


12 


Meat 


at design temperature 
operating practice limitation. 
ate at no load. 


as close 


sources. 
able to “ 


poisons. 





ride maximum 
seed life (3,000 efph is design figure) will be de- 
termined by ability to override equilibrium xenon 
§$Minimum value is good 
Turbine can oper- 
“Transit time of coolant from 
heat exchangers to core is ~4—5 sec. 


as possible to 
<0.5 sec 
latching of control rods. 
Neutron-flux 
see" 
Yankee. 
TAt 


NPD 


Des Joachims, Ont. 


pressurized water 
81 
22 
Canadian GE 
1961 


~100T 


0 


3 
25 


540t 
6§ 


(none) 


(none 


(none) 





PWR 


Shippingport, Pa. 
pressurized water 
231 
60 
Westinghouse 
Dec. 1957 


ot 
5-60§ 


1.3 
10°** 


cruciform 
32 


Hf 


71.0 
(none) 


71.5 
55 
11 


~390 
1.8 


collapsible rotor 


32 


0 


99 


0.152 or 1.5 


Yankee SRE 


Rowe, Mass. 
pressurized water 


Santa Susana, Calif 
sodium-graphite 


482 
134 
Westinghouse 
1960 


20 
6.5 
Atomics Int’l. 
April 1957 


0.75t 
~0.07 
9.6 X 107 
c Shim- 
Shim him Safety 
cruciform cylindrical 
24 2 2 4 


Ag 80%, In 15% 


Cd 5% 
90 


2.5 wt.% B-Ni alloy 
in 304 and 316 ss 


72t 72t | 56t 


(none) (none) 
90 ~90 
56 


36§ 


1,440 


56 
6 3.6 


1,440 


magnetic jack 


24 


0.25 


1,140 


tt 
3,600 


0.5 
1,425 
0.015 


0.015 |0.015 











xenon for 


‘Cold leg” 


from sensing of 


*Fuel burnup 


~e seed life. 


operating temperature. 


End of 


Automatic- 


control-system's largest single factor in response 
time is that of resistance thermometers. 
response time is 3 sec to 63 
temperature. 


Their 


> of a step change in 
temperature is sensed 
heat-exchanger 

a condition to 

**Four 100-curie PoBe 
instrumentation will be 
source for at least four half-lives. 
and fission-product 


exit. 
un- 


To pro- 


vide ~5% cold clean shutdown borated water is 
added to primary coolant tUp to 7,000-hr of 
core life. §Time needed for rods to fall by gravity 
down full length of core. Does not include dash- 
pot effect nor instrument time constant. 4YAp- 
proximate holding-power requirement. 

SRE. *Doppler effect. tControl system flux 
servo. {Shim rods, 18 rings, 2.5-in. o.d. x 
1.75-in. i.d. X 4-in. long. Safety rods, 14 rings, 
2.3-in. o.d. X 1.9-in. id. X 4-in. long. §Regu- 
lating speed is limited to maximum of 15 in., cor- 
responding to ~0.5% Ak/k. TSingle-speed 
motor through gears and ball screw. Two-speed 
motor through planetary gears and ball screw. 
**Chain drive with holding magnet. tt100 
watts. 


Continued, next page => 
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Reactor 


Location 

Type 

Output 
Mwi(th) 
Mw(e) 

Manufacturer 

Date on line 





= 


Bradwell 


England 
gas-cooled 


531 
150 

John Thompson 
1960 


Calder Hall 


England 
gas-cooled 


180 

42 
UKAEA 
May 1956 


Control requirements—new or equilib- 
rium core (%Ak /k) 
Temperature compensation 
Equilibrium xenon 
Xenon override 
Equilibrium samarium 
Other reactivity allowances 
Total requirement 
Total rod worth 


Parameters of actual contro! system 
Xenon poison interval? (hr 
Range, electric power (Mw 
Accuracy, electric power (kw 
Response time (sec) 
Emergency shutdown time (sec 
Size of neutron source (n/se 


Control rods 


Shape 


Number 
Absorber section 
Composition 


Length (in.) 
Fuel section 
Stroke (in.) 
Weight, each rod (lb 
Withdrawal rate (in 
Insertion time (sec) 


Normal 
Emergency 


min 


Rod drives 
Type 


Number 

Power requirement 
(volts) 
(no. of phases 
(amperes) 

Motor rating 
(horsepower) 
(rpm) 

Position-indicator 
accuracy (in., + 





1 Control requirements are not strictly additive 
Thus total requirement is not always the sum of 
individual contributions. 


2 Question asked was, “‘Length of 
which xenon makes reactor inoperabl« 


down from design load?’ 


Bradwell. *System reactivity changes tAd 
ditional long-term reactivity is taken up by steel 
absorber elements and fuel shuffling. tXenon is 
asmall factor. Minimum control-rod withdrawal 
time (7-hr) is such that xenon has passed its peak 


ylindrice 


e-B alloy 


ss sheath 


cylindrical 


120 ~40T 


3-4 % B steel 
in ss tubes 
264 
(none 


252 


130 
<= 50$§ 


0.5, 


300, 3,000 


Vv 


and drum 


40 


40 
3 


a-c motor, cable 


EDF-1 


Chinon, France 


gas-cooled 


300 

sv 
Elec. de France 
1959 


o-3sU 


100-200 
S 


Fine 


rods safety 


Coarse & 


hollow cylinders* 


52T 
B.C, steel clad 
118 236 
(none) 


~335 


a-c motor 


and cable 


GAS COOLED 


Power-Reactor Control the World Around— 





Gl 


Marcoule, France 
gas-cooled 


40 


v0 
CEA 


Jan. 1956 


hollow cylinderst 


36 
B.C (5 kg 
198 


(none 


294 


14 


0.197f, 0.394§ 
1,500t 


720$§ 


asynchronous 


motors 


G2 and G3 


Marcoule, France 


gas-cooled 


hollow cylinders} 


46 
B.C (4 kg 
198 


(none 


265 


1,348§ 


674§ 


asyn¢ hronous 


motors 








§Total of two 
normal, 0.5 in 


by the time criticality is reached 
“Insertion rates; 
min; emergency, 4 ft/sec. 
sets supply 120 heads 
itput 
Calder Hall. *Four SbBe sources producing 
neutron power in the reactor of 2 watts Tl 
to 60 in 112 available channels 


sources 
Two motor-generator 
** M otor-generator-set 


p 
}Coarse control 
rods §Up to 4 rods used manually for fine con- 
trol. A-c motor driven transmitter for d-c syn- 
Slaves drive cable 
through 20:1 speed reducers. 0-1.3 eps. 
watts 


winches 
**200 


chronous servos 











EDF-1 *j-cm-dia rods in a square lattice 
Absorber on outside is 0.4 em thick. tRods are 
in 3 groups offering reactivity control as follows 
fine, 0.4 Ak /k safety 1.1 

Gl *Excess reactivity is reduced by neutron 
thorium and activated 


rConstruction is identical with 


coarse 7.5 


nuclides 
rods of G2 and 


absorption in 


G3 $10 central rods §22 peripheral rods 
G2 and G3 *Excess 
duced by neutron absorption in thorium. 
concentric cylinders 
1.59 in., Bal 
peripheral rods. 


reactivity will be re- 
TStain- 
diameters 0.92 
between. {12 central 


less-steel 
1.04, 1.48, 


rods §32 
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Responses to a NUCLEONICS Questionnaire (continued) 











dhe. 


Hunterston* 


Hunterston, Scotland 
gas-cooled 


530 
180 
GEC-Simon Carves 
1961-1962 


Moving 


Safets 
vay blankett 


cylin- 
drical 
cup 
158 l 


cylindrical 


boron steel 
256 


(none) 


8,000 
Ss 5§ 


0.34 
).3-0.35¢ 


Or 1,080 2,940 


it 


& 


XQ 


144 & 1,440 
8 


hydraulic 
elevator 


notor, cable and drum 


1,165 


0.001 








H *There are two reactors; figures 
tBurnup. {For 1% change. 
*Temperature coefficient of reactivity 
Ak/k/°C. tTotal worth of 
upper 4.25 in. {All controls are 
air-cooled outer blanket. For 
configuration NUCLEONICS, June 
Control and safety rods and safety plug 
yuter blanket and their movement is 
§Read “reactivity addition rate.”’ 

ty is added by inserting blanket material 
and by removing it. 
reactivity withdrawal.”’ Upper 4.25 in. 


nterston. 
r one reactor 
EBR-1. 

2.76 X 10 
inket 

iin the re- 

see 56, 
arts ot 

to it. 


core decreased 


plug in 
bottom 


eylinder 


FAST BREEDER - 


EBR-2 


Arco, Idaho 
fast breeder 


EBR-1 


Arco, Idaho 
fast breeder 


1. 62 

oe 20 

Argonne Argonne 
Aug. 1957 1960 


5 


2-20 


(manual control) 
0.4 


5 & 105 


Safety | Control 
plug 


Safety 


rods rods 


2-in.- | 2-in.- hexagonalt 
dia. 
rods 


4 


dia 
rods 


it 


of cup 


U2 


(none) 
30 
(none) 


14 


~50 


5§ 
120-1804 


electro- 
mechanical 


rack & 
pinion 


worm « 
screw 


air 
ba 


up or 0.001 


down 








position controlled by 4 mechanical screw jacks. 

EBR-2. *Permanent 0.2; Pu buildup 
—0.9; U*** burnup, 2.0; fuel growth, 1.1. tEach 
rod consists of 61 cylindrical fuel elements nested 
in a hexagonal container $14.2-in. fuel section 
contains 21.3 % fuel, 20.8 57.9% Na. §Nor- 
mal rate. In emergency withdrawal time is 0.4 
£120 sec to operation level; 180 see to full 
insertion. With pneumatic scram and hydraulic 
shock absorber. : 

Enrico Fermi. *Burnup, 0.25; fuel-element 
growth, 0.05; fission-product poisons, 0.02. +2 
operating rods have total worth of 0.69%, which 


poisons 


sec. 


10 of BueC 


servo with 


transducer 
9 


Enrico Fermi 


Lagoona Beach, Mich 
fast breeder 


300 
100 

Power Reactor Dev. Co. 
1960 


0.32* 
0.47 
6.69T 


Operating Safety 


cylindrical cylindrical 


s 


Bi'C & 
steel 
Rg 


BIC & 
steel 
33 


(none) (none) 


15 54 


50 of Buc 
0.3-3 2 


300-3 ,000 1,620 


ll-put motion spring-acc. 
scram 


115 
1 
3 


0.033 
2,000 


0.03 


includes control margin of 0.22 
used only for shutdown, are worth 0.75‘ 


OMRE. *450° 
hangs from 


480° F. 


a common 


motor-driven; 


+€- om —> 


OMRE 


Arco, Idaho 


organic-moderated 


12 

0 

Atomics Int’l 
Sept . 1957 


4 


1.25-in.-dia 


cylindrical tubest 
6 pairs 
B.C powder in 
ss tubes 
36 
(none) 
36, 5f 
100 


2520 


0.5 
rack and pinion§ 
6 


208 
3 





yoke 


8 safety rods 

each. 
of rods 
of 


tEach pair 


and consists 


hanger rod, removable snubber piston, rack cou- 


kickoff spring. 


{Shim rods 


pling, 
nominal. 


Overall 
36 in 
§Rotating pinion shaft is pressurized. 


length 19 ft 
Regulating, 5 in 
Two racks 


is 


can be operated through compound gear boxes at 


two rates. 
Slow rate 
motor 
by voltage control. 


is shim rate 


is 100-watt 2-phase 


Fast rate for regulating rod action. 
described 


Regulating 


Velocity is limited 
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A Look Ahead to Tomorrow 
In Power Reactor Control 


By 2. MANN, Oak Ridge National Laboratory, Oak Ridge, 


WHAT LIES AHEAD in power-reactor control? We can 
attempt a description by laying down a few rules to indi- 
cate the probable direction of reactor development. 
Once this is done, it is possible to make conjectures as to 
how control problems will be solved. 


Most promising for the future are large sta- 
tionary and small propulsion units 


Fuel processing strongly influences land-based-reactor 
design in the direction of the large plant. Thus the prob- 
lems that must be solved are those of big plants. 

Reactors intended for special applications such as ship 
propulsion will be smaller and may have unusual control 
problems. Ship units for peace-time operation will have 
problems different from those for military purposes. 

It is best, therefore, to assume that a look into the future 
is a look at control systems for these two applications. 

One cannot take a particular design and assume that this 
is the nuclear power plant of the future. There appear to 
be many ways to design reactors for large base-load plants 
and propulsion units. Each design has its own control 
problems. 

On the basis of these assumptions about future reactor 
types, one can make some predictions about the develop- 
ment of control systems. Some influences will make for 
simplicity, for example the simplification of the plant and 
the control problems associated with it. Some will make 
for more complexity, for example longer core lives and 
neutron spectra that change during reactor life. 


Reactors will be designed so that hard-to-get 
information is not important for control 


The purpose of a reactor control system is to make the 
reactor do what its designer had in mind for it todo. This 
suggests a control system with means for sensing every 
system variable and comparing with design values. But 
much of the information needed cannot be obtained. An 
example is fuel-element temperatures at all points. About 
the only solution is to redesign the reactor so that this 
type of information is no longer important to the control 
system. 

This is done by operating fuel elements in in-pile tests 
in which operating conditions are equivalent to those of 
design until it has been determined that the fuel-element 
life is satisfactory if the rest of the system operates 
properly. The control system can then evaluate over-all 


performance instead of evaluating information on fuel- 
element temperatures. 
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Control-system design must avoid abrupt 
and unnecessary shutdowns 


Unlike research reactors, power. producers must operate 
at high temperatures to provide high efficiencies. Thus 
abrupt shutdowns can reduce the lives of components. 
Excessive temperature cycling over large ranges is bad. 

The situation will be aggravated as more reactivity is 
made subject to automatic control. ‘There will be more 
likelihood of over-power scrams, and more care must be 
taken to prevent them. 


Temperature control will replace flux control 
through use of temperature coefficients 


It is current practice to avoid designing power reactors 
with strong positive temperature coefficients of reactivity 
because of their inherent instability. On the other hand, 
failure of the control system for a reactor with a good nega- 
tive temperature coefficient need not require immediate 
shutdown; in most designs it would lead to an orderly slow 
shutdown. It could be slow enough in fact to be treated 
as a scheduled shutdown. This then indicates that the 
temperature coefficient of reactivity can be used and will 
be used to convert the control system from one that con- 
trols neutron flux (as in the research reactor) to one that 
essentially controls some component’s temperature in a 
power reactor. 


Automatic control systems can be slower and, 
consequently, more reliable 


Negative temperature coefficients can be used to 
simplify control systems. The result will be more reliable 
control equipment since, in general, slower, less complex 
equipment is more reliable than fast equipment. The job 
can be simplified by large heat-transfer coefficients, large 
heat capacities and large system inertia. Then large 
changes in neutron flux need not cause rapid and large 
changes in the controlled temperature. A slow-response 
control system can be used, and the neutron-flux signal 
can be used to anticipate the temperature-regulator action 
[E. R. Mann, Trans. PGNS-IRE, NS-3, No. 2, 12 (1956)]. 


Power densities in large plants will be low, 
leading to smaller temperature changes 

To get long life from fuel elements it is sometimes neces- 

sary to design for low power density. Future power 
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densities are likely to be no more than 200 watts/cm’. 
This will reduce the danger of excessive temperatures with 
loss of coolant flow or a sudden change from laminar to 
turbulent flow. 

The net result of low power densities, good heat transfer 
and large heat capacities is that rapid changes in fuel 
temperature are not required in the operation of the power 
plant and can only be effected accidentally by drastic 
changes in reactivity. Such changes would normally be 
taken care of by means of the safety system. 

The objective is not to make control problems simpler, 
but they become simpler as a by-product of the resulting 
constant-temperature characteristic. 


Reactor history and neutron spectrum may 
be inputs to control systems 


Up to now operating-history information has not been 
needed for control. The control system has been made 
adequate for the initial prepoisoned reactor as well as for 
any later stage of its life. 

However, there is considerable motivation to produce a 
reactor that will not require frequent refueling. One ex- 
ample is the use of burnable poisons in small plants. This 
affects the design of the control system, which must oper- 
ate on information from sensors in the reactor. In 
principle the control system should have available the 
reactor history from the initial startup. This need will 
be greater as histories become longer. 

History will be especially important in such control 
schemes as the spectral-shift method described by M. C. 
Edlund and G. K. Rhode on page 80 of this report. 
An analysis of the control problems for such a design may 
show that the accumulation of high-cross-section fission 
products creates a period of operation in which there are 
large positive power coefficients of reactivity, difficult to 
cope with. With accumulation of xenon considerable 
excess reactivity could be introduced as the xenon is 
burned out by thermal neutrons. 

Neutron spectrum. A control engineer likes to measure 
what he is controlling. He dislikes a situation in which 
there may be latent trouble that can be detected only 
when it is too late to do anything about it. Continuous, 
rapid determination of the neutron spectrum may be a 
requirement for the control system of such a reactor. 
This might be done by sensing the moderator composition. 
Only a careful analysis of a particular design based on 
Edlund and Rhode’s proposal would show to what extent 
the reactor history is essential for satisfactory control. 
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Maritime reactors may require exceptional 
reliability and ingenuity 


Maritime reactors require that power be modulated to 
meet changing demands of the propulsive system. Fur- 
thermore, the maritime nuclear power system has three 
distinct response times or time constants—those of the 
reactor itself, the propulsive unit and the coupling between 
these two. The over-all time constant depends on all 
three. It is essentially the time required for every part 
of the system to “see” a transient in any part. It is 
extremely difficult to force the turbine to respond faster 
than this over-all time constant. 


Improved sensing and data handling will 
reduce the number of shutdowns 


Much corrective action has to do with what is pre- 
scribed as necessary for component failures. If some one 
would design a nuclear power plant such that not much 
need be done immediately after a failure of at least a few 
components, there is not much question in the author’s 
mind that this would be a strong competitor against most 
present and contemplated designs as the power reactor of 
the future. The extensive system of sensing instru- 
mentation merely adds more components that can fail. 

Automatic data-handling equipment that compares in- 
coming information with what it should be and alarms or 
initiates corrective action when deviations are detected 
undoubtedly would be very useful so long as there are 
many variables that must be monitored by either the 
operator or the control system. Data-handling equip- 
ment doesn’t solve the basic problem of reducing the 
amount of information required for a good control system, 
but can take some of the awkwardness out of the methods 
of handling information in large quantities. 

Continuing efforts to improve instrument reliability will 
help control-system development. But it appears that real 
improvement lies in the design of a power plant for which 
drastic corrective action is prescribed for a failure of only a 
few critical components. Since a transient initiated in a 
part of the plant is eventually seen by all of the system, 
relatively few sensors will be required to detect many 
component failures that require only minor corrective 
action by the control system. Most of these sensors can 
be placed where there is no problem of accessibility. In 
such locations their maintenance need not require that the 
power plant be shut down. 
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Spectral Shift Control 


Changing the ratio of D:O to H:O in the moderator can provide shim 


and perhaps operational control as well. 


Reactivity lifetimes are ex- 


tended beyond 30,000 Mwd/ton and power distribution is flattened 


By M. C. EDLUND and G. K. 


THE CONTROL OF REACTIVITY 
surized-water reactors by continuous 
adjustment of the D.O-H:,O ratio* 
appears to offer significant advantages. 
First the reactivity lifetime for close- 
packed water cores can be extended 
beyond 30,000 Mwd/ton without sacri- 
ficing the conversion ratio. The flexi- 
bility gained in choice of fuel cycle and 
initial fuel loading permits cost optimi- 
zation throughout the power-plant life. 
Since there are no control rods, the 
power distribution can be made more 
uniform. For instance, with nonuni- 
form fuel 
average power distribution can be re- 
duced to 1.5-1.6. 


in pres- 


loading the maximum-to- 


Spectral-Shift Concept 

Burnup data for low-enrichment UO 
or UO.-ThO; fuel clad in either zircaloy 
or stainless-steel tubing is encouraging 
enough to make us think of designing 
reactor cores with reactivity lifetimes 
in excess of 30,000 Mwd/ton. 

Published designs of water-moder- 
ated fall 


internal-converter reactors 


1957 


* NUCLEONICS 15, No. 8, 66 


RHODE, The Babcock & Wilcox Co., Lynchburg, Virginia 


far short of this goal because of the 
limitations imposed by conventional 
reactivity-control systems. Absorbing 
rods do not control enough reactivity 

soluble poisons in the water introduce 
operational as well as safety problems 
that also limit the amount of controlla- 
ble reactivity—and burnable poisons 
not the 
proper burnout characteristics to pro- 
vide sufficient More- 
over, to get fuel irradiations as large as 
30,000 Mwd/ton all these methods re- 
quire initial fuel loadings with excess 
Ak as large as 0.20 to 0.30. 
these methods the extra neutrons are 


such as boron) may have 


shim control. 


Since in 


absorbed unproductively there is a loss 
of about 0.2 to 0.3 in the average con- 
version ratio. 

We propose a method that promises 
to avoid these difficulties 
variable mixture of light and heavy 
the moderator. At the 
beginning of operation with a new core 


the use of a 
water as 


the moderator contains a high fraction 
ol heavy water. As the reactor oper- 
ates, reactivity loss due to the fuel 
burnup and fission-product accumula- 
tion is compensated by gradually di- 





TABLE 1—Spectral Shift 


Thori 
Deuterium Slowing-dowr 
hydrogen 


(D/H) 


power, & escape 


(em 


0.45 
0.60 
0.69 
0.74 
0.78 


esonance 


robabilit 


Initial 
conversion 
ratio (inel. 

equil, 
Xe and Sm 


Epicadmi um 


total jissions 


0.28 
0.15 
0.12 
0.11 
0.09 


80 
82 
82 
81 
81 


tN bo bo te 





luting the moderator with light water. 
water lattices 


1.2) the re- 


For close-packed 
(metal-to-water ratio 0.7 
activity increases when D.O is diluted 
with H.O, mainly the 
nance absorption in fertile material 


because reso- 
Since the slowing-down 
D.O is only 0.13 that 
of H.O, the resonance absorption in 


1s reduced. 


power (éz ) for 


fertile material can be halved by in- 
creasing the volume fraction of H.O in 
the 10% to 
100%. The excess multiplication of 
the core is thus controlled principally 


moderator from about 


by neutron absorptions in the fertile 


material and so there is no reduc- 
tion in conversion ratio as with con- 
trol methods using unproductive neu- 
tron capture. 

Dilution of the D.O moderator with 
H.O in an 
an appreciable shift in 
This 


cause 


converter causes 
the 


rise to 


internal 
neutron 
spectrum. gives 
effects that the 
fective multiplication constant. 


many 
ef- 
The 


change in 


prin ipal ones are: 

* Decrease in resonance absorption 
in both fertile material and fuel 

* Increased neutron absorption in 
hydrogen and structural material 

® Decreased neutron leakage 

® Decrease in the proportion of epi- 
cadmium fissions 

The resulting change in ky, depends 
strongly on the reactor type and de- 
sign. For example, in large natural- 
uranium D.O reactors the moderator- 
to-fuel volume ratio is so large that 
change in moderator absorption is the 
major effect. Hence in these reactors 
ku will decrease as H,O is added to the 
DO. 
lattice of 
water reactor, 
absorption is the dominant effect and 
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However, in the close-packed 
a fairly large pressurized- 


change in resonance 





ku will increase as H.O is added to the 


moderator. 


Practical Example 


To illustrate the physics of spec- 
tral-shift control pres- 
surized-water reactor design with these 


consider a 


spe cifications: 


diameter 

Core height 

Volume fractions 
Moderator 0 
Zircaloy 0 
Fuel and fertile material 0.‘ 

moderator tem- 


Core 


Average 
perature 500° F 


The fuel element is a bundle of 
parall 0.31-in.-dia 0.026-in.- 
wall zircaloy tubes containing pellets of 
low-enrichment uranium oxide 
mixture of thorium oxide and 
enriched uranium oxide. The 
density is assumed to be 8.5 
gm/cem? The fuel ele- 
ments are cooled by parallel flow of the 
D.O-H.O moderator mixture. 

As the deuterium to hydrogen ratio 


(D/H) in the moderator is decreased, 


el-spaced 


either 
or a 
highly 
oxide 


in both cases. 


the slowing-down power increases and 
the resonance absorption in fertile ma- 
terial decreases (as shown for the 
U235-Th fuel in Table 1). The critical 
U235 decreases, leading to a 
proportion of epicadmium 
fissions and an increase in the average 
number of fission neutrons released per 
fuel, avg 


mass of 


smaller 


neutron absorbed in (see 
Table 1 

The neutron losses per neutron ab- 
sorbed in U?* are given in Fig. 1. As 
the volume fraction of DO is decreased 
from 75% to 0%, the increasing 
absorptions in hydrogen and zircaloy 
nearly balance the reduction in neutron 
that 


see Table 1) remains almost constant. 


leakage so the conversion ratio 





TABLE 2—-Changes in D/H for Opera- 
tianol Control Steps 


Critical D/H 
Start End 
Core condition of life of life 
critical (70° F 
500° F 


Cold 
Hot ‘ 
Zero power 


ritical 


Full power 
Equilibrium Xe 


ind Sm 
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For D,O concentration above 75% the 
conversion ratio drops because of an 
increasing proportion of epicadmium 
fissions. 

The reactivity lifetime of the core 
depends on the D/H ratio at the be- 
ginning of operation and, hence, the 
initial fuel loading. The calculated 
D/H ratio required for criticality as a 
function of the operating time at full 
power [800 Mw/(th)] measured in 
Mwd/ton of thorium is given in Fig. 2 
for initial D/H ratios of 3/1 and 9/1. 
The corresponding reactivity lifetimes 
are 27,000 Mwd/ton and 55,000 
Mwd/ton respectively. The average 
conversion ratios are 0.78 and 0.70. 
The rapid reduction of D/H ratio after 
startup is due to Xe and Sm poisoning 
effects. 

With U2** as the fertile material the 
The average con- 
version somewhat smaller 
since Pu*® has a smaller mayg than 
U233 for the spectra in these reactors. 
The reactivity lifetimes are also some- 
what shorter for a given initial value 
of D/H. For example, the reactivity 
life of a new core starting at D/H = 9 
corresponds to an irradiation of 34,000 
Mwd/ton of U**8, The average con- 
version ratio is 0.63. 

In either case, the long reactivity 
lifetimes result from the large amount 
of excess fuel that can be controlled by 
spectral shift and the relatively high 
conversion ratios that can be main- 
tained during the operating life of the 
reactor core. 

Breeding ratios greater than 1 may 
result with recycling of the U?** and 
higher uranium isotopes produced in 
the thorium cycle for fuel irradiations 
as large as 10,000 Mwd/ton of Th. 
Depending on the cost of fabricating 
and handling the radioactive fuel, 
breeding may or may not be the most 
economic operation. However, spec- 
tral-shift control will permit considera- 
ble flexibility in selecting the optimum 
core life. 


results are similar. 
ratios are 


Operational Control 


In principle, a reactor can be oper- 
ated by varying the D.O concentration 
in conjunction with a constant-aver- 
age-coolant-temperature-variable- 
steam-pressure control system. 

The change in D/H ratio required to 
make a new core go critical at 500° F 
and D/H = 3 is given in Table 2. 

As fuel is consumed and the moder- 
ator diluted with light water, Ak,;,/ 


A(D/H) increases and a smaller change 
in D/H is needed to meet the operating 
requirements. For example, a core 
near the end of life will require changes 
in D/H approximately equal to those 
shown in the third column of Table 2. 

Except for the temperature defect 
the reactor can be maneuvered at 
any given time with relatively small 
changes in the fraction of heavy water. 
A small on-site heavy-water separation 
plant capable of changing the D/H 
ratio of 150,000 lb of water in the range 


eater? 


%, 
Zircon; ' 
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FIG. 1. Sources of neutron losses as a 
function of D-O-H.O ratio in the moderator 
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FIG. 2. Critical D/H vs. core burnup for 
pressurized-water core with: dia. = 7.15 
ft; height = 8.0 ft; (total) fuel rod length = 
246,000 ft; rod o.d. = 0.3125in. Curve (a) 
is for initial U*** loading of 862 kg; average 
conversion ratio is 0.703. Curve (b) refers 
to 569-kg initial loading; average conver- 
sion ratio is 0.78 


D/H = 0.2—6 at a rate of approxi- 
mately 15%/day is adequate to meet 
the maneuvering requirements given in 
Table 2. 

The heavy-water inventory for a 
200,000-kw(e) power plant will be ap- 
proximately 150,000 lb for a maximum 
volume fraction of 85% heavy water in 
the moderator at 70° F. 
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Fluid Poison Control 
of Boiling Water Reactors 


Using chemical poisons such as boric acid rather than control rods promises 


lower capital cost, simpler maintenance, ready control of large reactivities, 


freedom from rod-placement problems and elimination of rod hot-spot factors 


By J. A. THIE, Argonne National Laboratory, Lemont, Lilinois 


THE USE OF a fluid poison injected into 
the moderator is a common method of 
control in critical 
ments but so far has been used in only 


zero-power experi- 


a few power reactors. Because of the 
many reactor proposals involving the us¢ 
of chemical control, it is worth discussing 
the experience accumulated to date on 
the use of this method in boiling-water 
reactors. This information 
bly would be applicable to pressurized- 


presuma- 


water reactors. 

The three boiling-water reactors that 
have used boric acid for reactivity con- 
trol while running at rated power ar 
Borax II (1), Borax III (1, 2) 
EBWR (3). Borie acid (H;BO;) 


chosen because tests showed it to be 


and 


was 


one of the more attractive of the possi- 
ble fluid poisons with the following 
desirable characteristics: (a) high neu- 
tron-absorption cross section, (b) ade- 
quate solubility, (c) stability—it will 
not plate out, (d) low corrosiveness 
and (e) it is anionic cationic 
water impurities can be independently 
removed. 

The advantages and disadvantages 
of chemical control have been discussed 
(4, 5) and are well known; however, 
its primary purpose in Borax II and 
EBWR was to assist in the under- 
standing of boiling-water reactors. In 
Borax III, on the other hand, chemical! 
control was required because the con- 
trol rods lacked sufficient strength in 


many 


the cold clean condition of that parti- 
cular reactor. 


Effects of Poison 

The amount of reactivity held down 
by the acid varied, but typically was of 
the order of 3%. In the Borax reac- 
tors this amount generally did not ap- 
preciably affect performance because 
the water absorption was high and 
adding 3% to this was not a big change. 
In EBWR, however, water absorption 
changes from 10% to 13%, and this 
effect becomes amplified in the void 
coefficient (percent reactivity per per- 
cent coolant void) where the thermal- 


Extrapolated value for no 
H3 BOz and rods at 298 


All rod dials at 279° 
All rod dials at 31.7 


4 08 i2 16 20 
Grams of Hz BO Per Gallon 


FIG. 1. Effect of boric acid addition on 
reactivity in voids of EBWR. Control rods 
also affect the reactivity held in voids as 
indicated by data for two rod positions 


utilization effect is virtually canceled 
by the resonance-capture and leakage 
effects. 

Self-terminating excursions in Borax 
II, with and without a few percent re- 
activity in boric acid, did not differ 
peak 


control-rod 


appreciably in reached 
rapid 
which was as expected. 
any of the reactors at full power, the 


power 
alter a ejection, 


When running 


dilution/concentration effect is notice- 
able. 
tration, because of significant water- 


A change in boric acid concen- 


level variations, changes the reactivity 
available for compensation by steam 
voids and, hence, changes the power. 


ids (%) 
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FIG. 2. Reactivity in voids of EBWR at 
power level of 19.62 Mw (pressure = 620 
psig) with 2.373 gm of boric acid per gallon 
of coolant 
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The effect of borie acid on the void 
coefficient, and, hence, reactivity in 
voids, is quite noticeable in EBWR, as 
can be seen in Figs. 1 and 2. The con- 
trol rods, which move in a bank down 
the of the reactor, 
strongly influence the reactivity in 
voids at constant power because of two 
with control rods in, the 
reactor is effectively smaller and has a 


from top also 


effects: (a) 


more negative void coefficient; (b) to 
generate the same power, the reactor, 
with control rods in, must run at a 
higher power density, and, hence, there 
are more voids in the effective core 
region than with control rods out. 

$y comparing then the influence of 
various concentrations of boric acid 
at the same power and rod position, 
its influences on the reactivity in voids 
As expected, low acid 
more negative 


can be seen. 
concentrations 


void coefficients. 


mean 


Injection 

Fluid poisons cannot normally be 
added as fast (in percent reactivity per 
second) as control rods, and a measure 
of the reactivity added is not always as 
simple. Steps in the addition are: 

1. An accurately weighed amount of 
boric acid is dissolved in hot water. 

2. The solution prepared is inserted 
into a special tank isolated from reactor 
pressure, 

3. The tank’s contents are injected 
into the reactor water, and the tank is 
flushed out. For EBWR at atmos- 
pheric pressure, and Borax at any 
pressure, gravity feed was used. For 
EBWR at operating pressure, the solu- 
tion was inserted at the suction side of 
the feed pump. 


| a oe 
lon-Exchange Running Time (hr) 





FIG. 3. Removal of boric acid with 
EBWR at power level of 20 Mw. Theoreti- 
cal time constant is 4.25 hr divided by ion- 
exchange unit's efficiency 
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Reactivity Worth of Boric Acid 


Voids in 


Reactor Temperature (°F) 


Borax II 68 
Borax III 
EBWR 


coolant (%) 


Reactivity per unit concentration 
H;BO 


(%/gm/gal 


Theoretical Experimental 


2.439 
2.339 
1.772 
1.420 
1.660 





4. The reactor water is extensively 
circulated to insure thorough mixing. 


Measurement 

Because of our inexperience, we felt 
that several methods of determining 
the concentration in the reactor should 
be used simultaneously. Agreement 
has always been obtained among the 
following four methods. 

Calculation. The amount of boric 
acid weighed out is divided into the 
reactor water volume, taking into ac- 
count any removal by ion exchange or 
water dumping. 

Titration. Mannitol (a 
alcohol) is used to completely dissociate 
the acid into H* and H.BO;-, and 
titration against NaOH proceeds in the 
usual fashion. 

Neutron absorption. An apparatus 
was specially constructed (2) for de- 
termination of typically encountered 


hexatomic 


reactor concentrations to very high 
precisions. The neutron-absorption 
apparatus contains a 5 X 107-n/sec 
Po-Be source that is 17 cm from a BF; 
counter. A of the reactor 
water flows through the apparatus. 
Comparison of a few minutes of 
counting with the counting of a stand- 


sample 


ard solution can give 1.5% accuracy 
on a 0.005 M solution. 

Control-rod motion. A change in 
the acid concentration can be followed 
directly by intercalibration of rod posi- 
tions and concentrations, or indirectly 
by measured reactivity changes de- 
rived from and the 
theoretical of the 
acid. 

The table agreement 
tween the measured reactivity worth 
of boric acid (in terms of control-rod 
positions) and that calculated from 
reactor theory and the concentration 
determined by the first three methods. 


positions 
worth 


rod 
reactivity 


shows be- 


The existence of voids in the reactor 
water at room temperature is due to 
the presence of styrofoam for a 
separate void-coefficient measurement. 
One can infer a reactor’s thermal utili- 
zation to have been accurately com- 
puted, from agreement of the type 
shown, since most of the absorption 
occurs in either water or fuel. 


Removal 

Complete water dumping is generally 
not possible in power reactors because 
of residual decay heat. Gradual dilu- 
tion, ion exchange and removal in a 
special concentrating tank, therefore, 
offer practical, though slow, removal 
methods. Both dilution and ion ex- 
change have been used and were found 
to obey, respectively, the simple dilu- 
tion laws and the anticipated expo- 
nential decay 


dM dM\ -f, 
= e J 
dV dV }. 


where M is the boric acid mass in vol- 
ume V, F is the flow rate and E is the 
column efficiency. Figure 3 shows the 
efficiency of a fresh ion-exchange col- 
umn to be nearly 100%, as expected. 


* * * 


This work was made possible by the operat- 
ing staffs of the Borax and EBWR reactors 
and, in particular, by C. B. Zitek, R. A. 
Mattson and R. E. Bailey. 
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Control Rod Drives 


Control-rod drives are as varied as the reactors they serve— 


from APPR’s simple rack and pinion drive to VBWR's combination 


of pneumatic and mechanical elements. 


By W. J. KANN and J. M. HARRER 


Argonne National Laboratory, Lemont, Ill 


._ Control rod bosket 


_._ Shock absorber piston 


Limit switch 


Position indicator 
drive 


Labyrinth seal——_ 


APPR-1 drives feature off-the-self components 


Rack-and-pinion drives mounted underneath the pressure vessel 
move control rods of the Army Package Power Reactor. Commer- 
cially available three-phase induction motor provides the required 
power. Rack, pinion, pinion bearings and back-up roller operate in 
primary coolant (water). Pressure-breakdown, collected-leakage 
seal is used where pinion drive shaft penetrates the pressure vessel. 
Seal is basically the same as that used in EBWR except that the 
EBWR seal is used with a reciprocating shaft. Scram is initiated by 
de-energizing magnetic clutch. Position-indicator transmitter is 
driven by gearing connected to pinion extension shaft. Because 
gears are located on reactor side of magnetic clutch, continuous posi- 
tion indication is achieved. Control rods are pushed up out of the 
core to increase reactivity. Reactivity change-rate is about 2.6 < 


10-4 Ak/sec. 


Comment. Dirt is less of a problem thaninEBWRorPWR. With 
the present arrangement, the reactor must be shut down and drained 
to replace drive components that are in the primary coolant. This 
disadvantage could be overcome by placing these components in 
thimbles incorporating shut-off valves. 


Here are some of them 


Position— 
indicator 
coils 





m—Motor stator 


Can 


os eer seveeewers 


“ yyrrververeerts 








-—Lead screw 





Rotor segments 
Spring 


Roller nuts 


PWR stars collapsible rotor 
Control-rod drives for the Shippingport 
reactor are mounted on the pressure-ves- 
sel head. Except for motor stator and 
position-indicator coils, all components 
are canned and subject to reactor environ- 
ment. Lead screw is splined to control 
rod and driven by three-phase syn- 
chronous reluctance motor. To scram, 
rotor is de-energized, permitting spring 
to force it open and disengage roller nuts 
from lead screw, allowing rod to drop. 
Position indication is accomplished by dif- 
ferential-transformer coils located above 
motor. 


Comment. The components are inacces- 
sible for routine maintenance, but oper- 
ating experience has proved the drives very 
reliable. Complete reactor shutdown is 
required for drive repairs. 
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Control rod Reactor 


thimble 


Doashpot sleeve flange 





Connector 





























Leakoff Connection 


Extension rod 


Cast 

meehoanite 

housing ~_ 
-3° relief 
-Latch rollers 
- Stub shoft 


~Carriage 


Latch lever 
Latch magnet ~ 


“Rod latch” ~Scram spring 


indicating 
switch —- 


Adjustable - ~~ 


Dash pot striker 


Laten Carriage “Rog in--- - 


switch 





Drive motor -- 


Position 
indicator 








Limit switches — 











EBWR drives easily accessible for maintenance 

Control-rod drive mechanisms for the Experimental Boiling Water Reactor 
are located below the pressure vessel. Extension shaft, operating through 
labyrinth-type pressure-breakdown seal, connects control rod to lead-screw 
with bayonet-type connector that has shutoff valve so that drive can be re- 
moved for maintenance without draining the pressure vessel. Lead-screw 
is driven through bevel gears connected to three-phase, induction gear motor. 
Reactivity-change rate is 6 X 10-4 Ak/sec. Secured to bottom of extension 
rod is lead-screw nut carriage having solenoid-and-spring operated scram 
latch. Reactor pressure is the primary stored-energy source; spring attached 
to extension rod serves only to overcome inertia at low pressures. Position 
indication is achieved by high-precision gear box and synchro transmitter- 
and-receiver pair. 

Comment. Dirt in the seal and extension-rod guide bushing has caused some 
operating difficulties at low pressures. The dirt causes the extension rod to 
bind, affecting scram time. Position indication after scram is not positive 
at all times because the synchro transmitter is coupled to the lead screw and 
not to the control rod. Indication again becomes positive only after relatch- 
ing. Operating experience has shown that the external dashpot is entirely 
unnecessary and could be removed; this would reduce column forces on the 
extension rod. 
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VBWR uses pneumatic drives 
Vallecitos Boiling Water Reactor drives 
are mounted above the pressure vessel. 
Double-acting air cylinder has one piston 
coupled directly to control rod and an- 
other coupled to balancing-cylinder pis- 
ton. Balancing cylinder is connected to 
the reactor by steam line. Motor-driven 
stop traveling on lead screws is driven by 
d-c gear motor through chain-drive to 
determine control rod position. When 
limit switch mounted on motor-driven 
stop is in contact with stop on piston 
extension shaft, low-pressure air is intro- 
duced into lower end of cylinder to bring 
rod to desired position. Reactivity- 
change rate is 3.2 X 10-*Ak/sec. To 
scram, high-pressure air is introduced into 
upper end of cylinder; air from lower end 
is exhausted. When motor-driven-stop 
limit switch loses contact with shaft stop, 
a signal is transmitted to gearmotor. 


Comment. This type drive has an excel- 
lent service record; the Borax drive, after 
which the VBWR drive is patterned, has 
been in use since 1954. A more positive 
position-indicator than the synchro trans- 
mitter used would improve the drive; at 
present, the operator only knows where 
the motor-driven stop is located. 
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+ Gearmotor (d-c) 
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PROGRESS IN REACTOR SAFETY DEVICES: 1942—Norman Hil- 
berry, axe in hand, ready upon oral scram signal to sever rope 
holding safety rod of CP-1; 1950—at Hanford, boron-steel balls 




















held in hopper are automatically released upon signal into reac- 
tor thimble; 1958—integral device, independent of external 
power source, contains trigger, driving force and poison 


Special Safety Devices 


Solid and liquid poisons, moderator and fuel dumping are being considered 


and used as safety systems in the event of reactor excursions. 


The goal is 


to achieve simpler, more reliable systems than conventional safety rods 


By N. E. HUSTON and N. C. MILLER 


Atomics International Division, 


CONVENTIONAL SYSTEMS for 
nuclear 
rigid absorber rods that are 
into the reactor core upon the receipt of 
a scram signal supplied by electronic 
circuitry 
However, such systems are usually com- 


SAFETY 
reactors consist of a set of 


inserted 


external to the reactor. 
plex and expensive and leave consider- 
able room for improvement with re- 
spect to performance. Some of the 
out-of-the-ordinary safety devices con- 
ceived to supplement these standard 
systems are reviewed here. 


Basic Safety Systems 


There are four ways to shut down a 
reactor: 

1. Increase parasitic absorption. 

2. Increase neutron leakage. 

3. Decrease moderation. 

4. Decrease fuel content of core. 
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{merican Aviation, Inc., Canoga Park, California 


Most safety devices are of the first 
type. each of the 
types has been used or proposed. 


However, other 
Safety devices can be categorized, 
too, according to the energy-storage 
mechanism—pneumatic, chemical, me- 
chanical or gravitational. 
The triggering of 
devices can 


special safety 


be initiated by a signal 
generated in the reactor-instrumenta- 
tion system by any of several trans- 
ducer and amplifier combinations. 


Parasitic Absorption 


If a safety device uses a parasitic 
absorber stored external to the core, 
it will have to be transported into a 
core (or possibly reflector) 
subsequent to triggering. If 
internally, it can increase in effective- 
ness only by achangein geometry. In 


position 
stored 


the second scheme, there is always a 
high stored-state reactivity loss. 

Ball systems. 
safety system at Hanford (backup in 


Originally the third 


case the control and safety rods failed 
to function) operated by dumping a 
borax solution into the vertical safety- 
rod thimbles. This was replaced by a 
hopper-fed system that dumped boron- 
steel balls into the 
response time is typical of such systems. 

Liquid poisons. 
normally introduced into liquid moder- 


thimbles. Long 


Liquid poisons are 
ators or into water coolant. Of course, 
the poison, once injected, must eventu- 
ally be removed but this is no problem 
boron, 


since a number of cadmium, 


lithium and rare-earth salts can be 
effectively removed from aqueous mod- 
erators by ion-exchange resins (1). 


Of the more promising solutes, only 
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borax appears suitable for power- 


reactor use (2,3). The rare-earth salts 
require a high-acid environment to re- 
main in solution and tend to form preci- 
pitates at high temperatures. 

Liquid poisons appear to be too slow- 
acting for normal scram procedures. 
Rather, they have merit as the final 
backup system. An unusual applica- 
tion of such a system is found in the 
land-based Nautilus The 
high pressure of this 
reactor presents a formidable obstacle 
As a 


last-ditch precaution, a manual high- 


prototype. 
the coolant in 


to injection of a soluble poison. 


pressure pump was provided. 


Leakage, Moderation Change 


Motion of solid parts of the reflector 
has been used for safety purposes in 
fast Typically, a 
of the reflector material (natural 


several reactors. 
block 
uranium) is allowed to fall away from 
the bottom of the core (as in the Los 
Alamos Fast Reactor) or is 
downward pneumatically 
ZEPHYR). 

Rapid dumping of liquid moderator 


driven 
(as in 


is provided for in several high-power 
the CP-3, CP-5, 
This system is effec- 


reactors, including 
NRX and NRU. 
tive only because of the high moder- 
ating efficiency of heavy water—a rela- 
tively small change in level of the heavy 
water is sufficient to make the reactor 
subcritical. 


Fuel-Content Decrease 
The 
from the core can be brought about in 


emergency discharge of fuel 


two ways. Homogeneous liquid-fueled 
reactors such as HRE dump fuel solu- 
tion into a storage tank. The same 
method may be applicable to liquid- 
metal-fueled reactors. 

The second method provides that, if 
an incident should carry metal fuel ele- 
ments to the melting point, the molten 
would be dispersed into a 

as it drops by 


material 
noncritica] geometry 
gravity; this is to be the case in the 
Enrico Fermi Fast Breeder (3,4). The 
fusible-link support for solid fuel ele- 
as used in ZEPHYR (6), has 


not been developed for power reactors 


ments, 


conflicting requirements 


because of 
such as high creep strength at oper- 
ating temperature, efficient cooling of 


link and quick operation. 


Integral Safety Devices 


‘Integral’ devices, being self-actuated 
and self-contained and thus independ- 
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ent of external linkage, either mechan- 
ical or electrical, are not subject to the 
ailments of the conventional safety-rod 
systems, such as power failures, circuit 
interruptions, stuck switches, incorrect 
wiring or operator errors. One would 
wish this device to remain operable in 
the reactor environment for at least one 
core life with little loss in sensitivity or 
change in trip level. 

Since the neutron-absorbing material 
will likely be stored in or near the core, 
partial burnup of this material must be 
provided for. Furthermore, the de- 
vice must be operable at least as well 
(preferably faster) when the reactor is 
cold as when it is hot, so as to guard 
against startup accidents. 

The trip level should be preset to pro- 
tect the reactor against an excessive 
neutron flux, rate of rise of neutron 
flux or temperature, or a combination 
of these. 
50% above the normal neutron flux, or 


A typical trip level might be 


the lowest temperature in the reactor 
coolant that could prejudice the integ- 
rity of the fuel elements. 

Thermal triggers. A simple ther- 
mal trigger consists of a thermal “ pad”’ 
in contact with the reactor coolant and 
a fission-heat layer between the thermal 
““pad”’ and a solder layer. 

During 
the heat generated in the fissionable 
material is drained through the “pad” 
to the reactor coolant; the thermal 
keeps the 
temperature of the solder at a point 


normal reactor operation, 


resistance of the “pad” 


perhaps one-third of the way between 
its melting point and the coolant tem- 
perature. In this case, increasing the 
neutron flux by 50% would melt the 
solder, triggering the safety device. 

A trigger of this type (a) is sensitive 
to flux level and coolant temperature 
but only slightly to rate of change of 
flux, (b) therefore is much less sensitive 
to the cold or reactor-down condition- 
ing, (c) has a considerable time con- 
stant because of thermal capacitance 
of its components—in practical cases, 
this turns out to be of the order of 
1 sec, (d) can be made very rugged 
and reliable. If the thermal resistance 
of the pad could be made an inverse 
function of coolant temperature, the 
principal objection of point (b) would 
be removed. 

A second type of thermal trigger is 
the “snap switch,” which uses a bi- 
metal strip of U*** and U?*5 that is 
sensitive to fission heat as a switch. 
The same criticisms apply here as in 


the first scheme. In addition, an 
electrical circuit is implied and, hence, 
a current source, which is difficult to 
maintain in a region near the core. 
Pneumatic triggers. Pneumatic 
triggers use the expansion of a gas when 
heated by a fission process to rupture a 
diaphragm. They are severely sensi- 
tive to ambient temperature, unless 
compensated by a second chamber of 
gas not fission-heated. In high-tem- 
perature reactors, pressure contain- 
ment might be a severe problem. 
Poison-driving energy. the 
trigger has sensed an intolerable condi- 
tion in the 
stored energy to propel or relocate 
This 


Once 


reactor, it must release 
the neutron-absorbing material. 
driving energy can be: 

@ Pneumatic. A 
propels a poison, probably particulate, 


compressed gas 
into a receiver chamber within the core 
or adjacent to it; alternatively the 
propelling gas itself may be a poison 
such as BF;, arranged to become more 
effective upon redistributing _ itself. 
This may not be practical in sodium- 
graphite reactors though suitable in 
pressurized-water reactors. 
eChemical. A 
charge can be used to propel the poison 


small explosive 
or to rupture a diaphragm retaining a 
gaseous poison; this driver must be 
used in a low-temperature, low-radia- 
tion environment. A proposed system 
utilizes an exothermic (e.g., 
boron exposed to fluorine) or a pyro- 


reaction 


phoric reaction (e.g., aluminum and 
oxygen triggered by a fission heater and 
used to volatilize a metallic poison). 

@e Mechanical or gravitational. 
These driving agents are not generally 
suited to integral safety devices be- 
cause of slowness, high driving-energy 
requirements and possible jamming. 

Only one truly integral safety device 
—in the sense that the trigger, driver 
and poison are completely contained in 
one capsule—that is possibly applic- 
able to certain power reactors has been 
developed. A Ag-Sn eutectic solder 
plug is melted by a Cu-UQO, heater to 
release a gaseous poison (6). It was 
originally developed for a relatively 
low-temperature, water-cooled reactor. 
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Control Rod Materials 


Materials technology is adequate for the needs of present reactor designs 





Fabrication techniques for a variety of designs and materials are available 





High cost and limited availability of materials present obstacles 


By D. N. DUNNING and W. E. RAY 


Knolls lion ( Powe 


ON THE BASIS of the thermal-neutron- 
capture there 
would appear to be many naturally 


cross sections alone, 
occurring isotopes that would serve as 


control-rod materials. Furthermore, 


“tailor-made” combinations of ele- 
ments for service in any given portion 
of the neutron-energy spectrum should 
be possible. 

Performance criteria, however, rap- 
idly the list. Any 


poison component must possess some 


reduce reactor 


measure of radiation-damage resist- 


ance, corrosion resistance, mechanical 


strength and metallurgical stability. 


In addition, the material must be 


Labor ato 


/, Schenectady, New York 


and available in suitable 


These criteria 


fabricable 
were used 
All of the 


isotopes listed undergo (n,y) reactions 


quantities. 
in preparing Tables 1 and 2. 


except B', which decays by (n,a). 
Comparative costs for various types 

of fabricated control rods are given in 

Table 3. 


service requirements in water-cooled, 


All rods are designed to meet 


water-moderated reactor 
ating at 500—625° F. 


cores oper- 


Properties of Materials 

The mechanical and corrosion-resist- 
ance properties of unirradiated control 
materials are given in Tables 4 and 5. 


In general, the only materials con- 


satisfactory for 
other than hafnium, 


sidered water-cooled 


power reactors, 
are stainless-steel-based systems, the 


other materials being applicable to 
specialized systems. 
Table 5 


mechanical-property 


compares some pertinent 
data in the un- 
irradiated condition. In the case of 
the Cd-In-Ag alloys, improvement of 
the alloys is being actively pursued. 
The creep strength of the alloy is low 
at reactor-operating temperatures due 
to the low 


ture of the alloy. 


recrystallization tempera- 


{adiation damage is the most impor- 





For these reactors 


Pressurized water 


Boiling water; high flux 

Diphenyl coolant; long life 

Sodium-graphite; rods not remoy- 
able 


CO,, air or N» coolant; high tem 


perature; high flux; rods not 
removable 


Boiling water; rods replaced easily 


Sodium-cooled, intermediate or fast 
reactor 


Diphenyl! coolant; short. rod life 

Sodium-graphite; removable rods 

CO., Ns coolant; rods removable; 
medium temperature 


These control rods 
Hafnium or Eu.Q;-ss 
Hafnium or Eu,.Q;-ss (clad) 
Eu.Os;-ss (clad) 


Eu of )o-88 


AISI 347 clad 


Eu.O;-ss, clad 


Cd-In-Ag 
Canned B,C pellets 
B!%ss 


B!°-ss 
B°-ss 


Are suggested because 


Only 


material 


proven high-burnup control 
but relatively unavailable 
and expensive 

Eu.0;, if in S.S. cermet and clad, 
provides high burnup without severe 
damage; each atom of 47.8 °%-abun- 
dant isotope Eu!*! captures 5 neu- 
Gd.O; can be substituted if 


only shutdown is required 


trons; 


Capture cross section comparable to 
Hf; radiation damage not excessive 
Excellent nuclear properties; ex- 
pansion space needed for helium 
produced 

Boron-steel is good for shutdown 
rods; radiation damage means short- 
B'°-S.S. 


offer 


lived control rods; and 
Cd-In-Ag 


cost slab-type rods 


seem to lowest- 
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Titanium 


Ss. . 


*« 


Titanium — boron 


Hafnium 


POSSIBLE CONTROL MATERIALS. 


tant criterion for selecting control 
Of the materials listed in 


Table 3, the most data is available for 


materials 


boron and the rare earths. 

Rare-earth studies. The radiation- 
damage resistance of rare-earth-oxide- 
been 
This 
Rela- 
from 


stainless-steel dispersions has 
KAPL. 
work was done using bend tests. 

determined 


studied primarily at 
tive ductility was 
deflections at fracture or deflection at 
maximum load. The maximum load 
in a bend test on samples of the same 
size indicated the comparative strength 
of different materials. 

The specimens used for this work 
were flat strips 0.050 in. thick, 0.200 in. 
They 


mounted as simply supported beams 


wide and 3 in. long. were 
and loaded in the center of a 1.5-in. 
span. Two to four specimens were ir- 
radiated in one capsule in the MTR. 

Two specimer. of Gd,O;-stainless- 
steel dispersions and four of EusO; 
stainless-steel dispersions, fabricated 
by extruding compacted powders, were 
irradiated in the MTR in helium-filled 
capsules. 

The Eu.O;-stainless-steel dispersions 
were irradiated in the MTR for two to 
five 17-day cycles. Table 6 gives the 
data. Considerable ductil- 
ity is lost due to irradiation. 


pertinent 
Damage 
to areas adjacent to the Eu.O; particles 
I noted. 


has been The cause of this 
s not definitely known, al- 


damage 
though excessive internal temperatures 
y heating) may have caused an inter- 
action with the silicon contained in the 
steel. However, the 
embrittlement during these irradiation 
tests would not rule out the use 
ol | ul) 
Metallographic studies indicate that 


302 stainless 


stainless-steel dispersions. 


these networks do not connect up and 
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(Left) Titanium to titanium- 
boron dispersion to hafnium interfaces pack-rolled to 3-to-1] 


a 


no completely brittle tests were noted. 
No measurable growths were noted. 
Nevertheless, 
recommended as matrix materials in 


silicon-free alloys are 
Eu.O; dispersions. 

Cladding would add strength to the 
components and would provide a 
barrier between the reactor coolant and 
the hygroscopic Eu.Q; particles. 

The 14 Gd.O;-stainless-steel 
dispersions exhibited little damage 
after irradiation in the MTR for two 


cycles. 


- oy 
wt % 


Table 6 shows the good stabil- 
ity of this dispersion under irradiation. 


reduction at 1,600° F and flat-annealed at 1,400° F for 2 hr. 
(Right) Hafnium roll-clad with titanium at 1,600° F and air-cooled 


length were noted. 
Boron irradiation studies. 
diation-damage 


The ra- 
resistance of boron 
alloys and dispersions has been exten- 
sively investigated because of boron’s 
excellent nuclear properties. The ir- 
radiation of alloys to any 
appreciable burnup, i.e., 
0.5 total atom percent burnup, pro- 


boron 
in excess of 


duces appreciable growth and dras- 
tically embrittles the materials. Table 
7 indicates that the stainless-steel- 
boron alloys are the most promising if 
reasonable burnups are allowable. 


Growths in the order of 
width, 0.45% in thickness and 0.22% in 


0.25% in 





Another Viewpoint on Rare-Earth Absorbers 


Although europium is the most effective neutron absorber of the rare 
earths, it is also the most expensive. Prices ($/lb) quoted by one sup- 
plier for 100-Ib lots (>99% purity) are: Dy.O;, $115; Er.O;, $115; Sm.O;, 
$45; Gd.O,, $90; Eu.O,, $900. 
tially replacing Eu in control rods with more abundant rare earths. 


Costs might be reduced by at least par- 


Small military reactors can tolerate high-cost control materials (e.g., 
APPR requires ~10 kg—$20,000 worth—of Eu,0;). 
riched, lower-flux reactors, control-rod area may be 


However, in unen- 
160-1,000 ft?. 
Noncontinuous absorbers (e.g., Gd at ~$100/ft*) could satisfy long life 
requirements instead of Eu at $1,500/ft®. In a large core, the cost dif- 
ference would amount to between $200,000 and over $1,000,000 per set 


of control rods. 
HIGH-FLUX REACTORS. 


be to incorporate as much dysprosium, rather than Eu, as structure and 
A 300-mil-thick stainless-steel 


For long-lived control rods, a rule might 


nuclear-worth requirements permits. 
matrix containing 1.4 gm/cm? Dy.O; and 0.4 gm/cm? Eu,O; would per- 
form comparably to 0.9 gm/cm? Eu,.O;,. 


MODERATE-FLUX REACTORS. 


long rod life is less of a problem, gadolinium might be considered. 


In a 10'%-n/em?/sec flux, where 


However, to achieve a sizeable epithermal cross section, Gd would have 
to be used in conjunction with Er, Sm, Eu and/or Dy. 
“SANDWICH” TECHNIQUES. 


it is possible to attain longer rod life than if the poisons were mixed 


If one poison is shielded by another, 
homogeneously. For example, if all the Eu were in the center of the 
rod surrounded by Dy, the slower-burnout Dy would serve as a shield for 
the more rapidly burnable Eu. By this technique, the life of a reso- 
nance absorber can be extended.—Based on material submitted to 
NUCLEONICS by J. A. RANSOHOFF, Washington, D. C. 





Boron dispersions in titanium are 
the most promising from a damage 





standpoint. Considerable ductility is 
retained in the material through the 
integrity of the 


However, the growth ot the boron dis- 


TABLE 3—Estimated Cost per Rod for Manufacture of Triflute Rods 


matrix material. 


Fabrication Inspection 


Tooling Materia neludes profit and pac king Total 


i j ] T ype of rod 
persions is concentrated in small areas ' 


This would require cladding to prevent 
Welded Hf rod $500 


Extruded Cd-In-Ag rods 500 
Extruded or hot-rolled 500 


$4,460 
2,080 
6,100 


$6,000 
1,000 
4,400 


$2,000 $ 7,900 
1,500 6,250 
1,000 12,000 


the boron from contaminating the 


coolant. 


Normal boron carbide has been ir- 
radiated in the following systems: B,C 
dispersed in Al.O;, B,C in Zr, ByC 
B,C 
In general, the irradiation data 

that 
be provided to contain thi 


powders and _ hot-pressed com- 


pacts. 

indicate expansion space must 
helium 
However, the 


released. minimum 


amount of expansion space that must 


be provided to contain the released 


helium cannot be accurately predicted 
B,C-Al.0; (82% 


helium 


In one case, 2.2 wt % 
density) released 1.4% of the 
at 93% burnup. In 
hot-pressed B,C during 16.6% burnup 


another study, 


in a sodium-vacuum environment at 
600° F for 45 days released 2.6% of the 
helium. Up to 10% 
from vibrating B,C 
burnup in a helium environment at 
270° F for 104 days. 

In sodium-cooled reactors 


} 
was released 


eC 


taken to 5% 


B,f j con- 





TABLE 2—WNuclear Properties of Con- 
trol Poisons 


A bun- 


Iso- dance Ca 


(%) (barns Rema 


lope 


Be 18.9 4,000 enrich- 


Isotopic 
ment desirabl 
Must be 


massive 


Hf!76 used as 
Hf'?? 
mm) Se 80 
Hf'"* 
Hf'8® § 35.: 10 


slabs 


Eu! 9,000 
Eu!®? 5,000 
Eu's3 § §2.: 120 20 vol. &% 
Eu'54 1,500 
Eul® 13,000 


Gd 155 
Gd'*? 


I quivale nt to 


massive Hf at 


centration 


70,000 Too 
180,000 section 


fast burnout 


high cross 


very 


Sm'!49 66,000 Of little interest 


Ag!” 5 30 =Rather low cross 
Agi 84 pe 


Ca" 


tion 


27,000 Sharp cutoff in 


epithermal range 
In'3 4 92 63 
In! 95 197 


Good in ¢ pithe r- 


mal range 





90 


and welded Eu.O;-cer- 
met rod (AISI 304 steel 
matrix 

Composite rod with Ti- 
clad blades with 14 in 
Hf and 16 in. 
B'°-Ti dispersion 

Welded stainless- 
steel—boron rod 


3.5 wt % 
500 


Extruded or hot-rolied 500 
and welded Ti-Eu,O0 : 


Ti-clad composite rod 


6,300 


9,300 1,000 


500 5,700 


3,750 


4,400 1,000 10,630 





trol rods have performed satisfactorily. 
These rods contain powders or hot- 
pressed pellets. Both 
are headered to a collection tank large 


types of rods 
enough to contain all the helium theo- 
Because of the 
low release rate of helium from B,C 


retically generated. 


these designs are conservative. 

The only fully proven long-life, high- 
burnup control material from a radia- 
tion-damage standpoint is hafnium. 
Hafnium control rods were successfully 
used for a full core life in the Nautilus 
reactor. 

Some preliminary radiation-damage 
studies have been made of silver alloys. 
Data is not available, but the damage 
is not excessive for short-term irradia- 
This 


promising. 


tions alloy system may be 


Fabrication 


Frequently reactor-design criteria 
dictate the selection of control mate- 
For example, the use of 


rial. very 


high-cross-section nonmetallic mate- 
rials such as Eu.O; may be dictated by 
the range of neutron energies. 

In such instances, dilution of the 
poison is necessary, usually by disper- 
sion in a metallic matrix. Since these 
dispersions lack corrosion resistance to 
high-temperature water, they are usu- 
ally clad. 

When stable, fabricable alloys of the 
poison material are available, alloying 
seems advisable for absorber dilution. 
Alloys are generally less expensive than 
powder-metallurgy dispersions, usually 
specifica- 
better 


meet chemical-homogeneity 


tions better and often exhibit 


Zr-B, Ti-B and 


have 


corrosion properties. 
austenitic stainless-steel-boron 
been investigated as control materials. 
The last has found widest application 
because it is readily fabricable and the 
most corrosion resistant, being usable 
without cladding. 

Boron control rods. To 
maximum metallurgical stability, it is 
that 
single-phased at 
tures. For example, the addition of 
boron to AISI type 304L is usually ac- 
nickel 


for complete 


achieve 


desirable control-rod alloys be 


yperating tempera- 


companied by an increase in 
91k ¥ 
12-15 wt&% 


The boron is prefer- 


content to 
austenitization. 
ably <1.5 wt% so that excessive scrap 
losses (due to hot shortness) are kept 
to a minimum in subsequent hot-roll- 
ing operations. Thus, it is necessary 
boron in B?!® in 


blackness 


conserve 


to enrich the some 
nuclear 
life. To 
B', vacuum melting of enriched alloys 


cases to prov ide 


throughout core 
is often employed. 

Multibladed stainless-steel—boron al- 
loy control rods are prepared by weld- 
1,050—1,150° C) 


plates of ap- 


ing together hot-rolled 
and cold-finished alloy 
thickness. 
the design of the jig employed, subse- 


propriate Depending on 
quent straightening operations may or 


may not be required. A stress-relief 


annealing treatment is always em- 
ployed after straightening, and finish- 
machining operations are used to ad- 
just the blade and the 
pads” at the bottom end of the rod. 
Hafnium rods. Hafnium-control- 


rod fabrication is similar to that just 


span ~ wear 


described. 
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Sponge hafnium is converted to 


; * a 
of Control Materials crystal bar by the iodide process, arc- 


TABLE 4—Preirradiation Corrosion Resistance 
melted, remelted by a vacuum arc- 
melting, forged, conditioned and hot- 
rolled (975° C) into plate. Plate 
thickness is controlled to + 0.002 in. in 
a final cold-rolling pass, which also 
provides a good surface finish. The 
hafnium plates then trimmed, 
machined and butt-welded to shorter 


Water (600° F) 


F 


(750 


are 


Nitrogen (1,500° F)4 


Degassed 
Diphenyl 


Material 


Hydrogenated 
Oxygenated 


plates of Zircaloy-2 in a welding box 
under an extremely pure helium atmos- 
phere. These plates 
then flat-annealed and assembled with 
a Zircaloy hub (Fig. 2). Final joining 
of rods is accomplished by fusion weld- 


Hafni 
18-15 ss-<1l wt% B 

AISI 304-<1.5 wt% B 

Ti-B alloys to 1.5 wt% B'’ 
Ti-B dispersions to 3.5 wt% B 
Zr-B alloys to 1 wt% B 

5 wt% Cd-15 wt% In-80 wt % 
Cd-70 wt% Ag 
hot-pressed, sintered ) 


im 


composite are 


ing in a pure helium atmosphere at 180 
Ag amperes, 16 volts, d-c. 

It should be noted that single-phase 
alloy joints are produced when hafnium 
is fusion-welded to Zircaloy because 
these materials form a continuous series 
of solid solutions when alloyed. The 


owt] 
B,C 
tare-earth-oxide ceramics 
Gd.O;, Linsay Mix) 
tare-earth-oxide cermets 


45) val&% Eu of ),-AISI 302B 


20 vol% Eu.0;-AISI 302B 

15 vol% Eu.O;-AISI 302B 

15 vol% Sm.0;-AISI 302B 
Sm.0;-sponge Ti 


Checks indicate good corrosion resistance. 


+ Estimate by author. 
t With low oxygen. 


$ Based on similarity to ss-UO:2 dispersions at KAPL. 
Metals,” 


rials in 


Non-Aggressive Liquid 


Koenig, Feb. 20, 1956. 


Special Report 


Also sec 
No. 2, E. G 


PT a MT MF 


Behavior of Mate- 
Brush 


i S 


and 





TABLE 5—Preirradiation Mechanical Properties of Some Control! Materials 


Yield strength, 
0.2% offset 


{lloy* 


Stainless Steels 

0.5 wt % B"®-18 Cr-15 Ni-ss 
B'°-18 Cr-15 Ni-ss 
B'°-18 Cr-15 Ni-ss 


O5wt% 


0.85 wt % 


Boron-Titanium 
0.29 wt% B"”-Ti 
> B'°-Ti 
> BY-Ti 
B°-Ti 
B-Ti 


0.62 wt‘ 
0.62 wt 
lO wt% 


1 
l 
1.7 wt‘ 


Boron-Zirconium 

0.4 wt% B-Zr 

0.4 wt% B-Zr 

0.8 wt% B-Zr 

14 wt% B-Zr 

Other 

% Cd-15 wt % In-80 
wt% Ag 


5 wt 


Hafnium 


+ 


All 
teste 


were tested 
d at 600° F. 


at room 


(pst) 


29,000 
23,000 
33,000 


89,300 
83,300 
90,400 
96,700 
94,700 


40,000 
43,800 
61,500 
55,600 


10,000 
30,000 


All alloys annealed except 0.62 wt % 
temperature except 0.5 wt % 


Ultimate 


tensile 


(psi) 


81,000 
62,000 
85,000 


102,200 
102,400 
101,000 
108,300 
111,800 


65,900 
68,000 
90,300 
83,600 


43,000 
55,000 


B'°-Ti and 0.4 wt % 


tion 


54 
18 


B 


in area 


c 


B-Zr 


Elonga- Reduction Modulus 
of elasticity 


x 10° 


which were hot-rolled. 
-18 Cr-15 Ni-ss, 


which was 
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metallurgical stability of the assembly 
is, therefore, not appreciably less than 
that of either material separately under 
reactor conditions. 

Other materials. The hafnium fab- 
rication procedure has also been ap- 
plied, with modifications, to the pro- 
duction of (a) titanium-clad, Ti-3.5% 
Bre (b) 
clad, stainless-steel—rare-earth disper- 


dispersions ; stainless-steel- 
sions; and (c) composite control rods. 
All of these, clad for protection against 
corrosion, involve “ picture-frame”’ roll- 
ing The  picture-frame 
pack is fusion-welded together, evacu- 
ated and sealed off before hot rolling. 
Complete metallurgical bonding is 
with 


techniques. 


realized cross-sectional-area re- 
ductions as small as three to one at 
850° C in the case of Ti-3.5% B", 
titanium-clad plates, for example. 
Larger (15 to 1) reductions are used for 
stainless-steel-based plates. 

Dispersion core materials used in 
either composite or rare-earth-oxide 
control rods are prepared for rolling by 
particle-sizing the poison, blending the 
poison and the matrix metal, cold 
pressing and finally sintering. Tita- 
nium- and zirconium-based dispersions 
are sintered under vacuum whereas 
stainless-steel-based dispersions can be 
sintered in hydrogen to reduce the iron 
oxides present. 
chined to size 
frame-rolling 


The composite control rod was con- 


They are then ma- 
and placed in the picture- 
assembly. 


ceived as a method of hafnium con- 
servation. Since only the lower por- 


tions of control rods are exposed to 
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TABLE 6—Bend-Test Results before and after Irradiation* 


Absorber Vo 


(in stainless) 


of MTR 


cyctest 


nirradiate 
») 


5 wt% Eu.O; 


nirradiate 


0 


20 wt% Eu.O; 


25 wt% Eu.O; nirradiate 


» 

30 wt% Eu.O; nirradiate 
3 

Inirradiate 
») 


14 wt % Gd.O; 


14 wt % Gd.O; 


nirradiate 


Var 


load 


Deflection 
alt mar. 
load 


Ductility 


indext 


Deflection 
at fracture 
0.300 None 
0.175 None 
0.320 None 
0.100 0.100 
0.300 0.370 
100 0.100 
270 0.550 
090 0.090 
250 None 
225 None 
380 None 
350 None 921 


900 


* Eu2O; tests conducted at room temperature, Gd2Qs; tests at 600° F. 


+t MTR cycle is 15 days, in these instances at fluxes of 2.0 


2.5 X 10'* nv 


t Ductility index is defined for bend specimens as the ratio of the irradiated deflection 
at maximum load to the unirradiated deflection at maximum load 





high neutron flux for extended times, 
the upper sections of control rods can 
be made of materials less resistant to 
radiation damage. there- 
fore, composed of a control section, a 


The rod is, 


shutdown section and a hub to which 
the attached. 
Composite plates have been made with 
both blade sections titanium-clad, the 


drive mechanism is 


shutdown-section meat material being 
hafnium and the control section being 
a Ti-3.5 wt% B" dispersion, which is 
than 1% 

material 


designed to receive less 
burnup of the total 
atoms The 


meet only nuclear-worth, irradiation- 


core 


present. hafnium must 
damage and strength requirements; its 
corrosion resistance may be substand- 
ard because it is clad. 
Tubular AISI-347 steel 
B,C 


filled 
other 


cans, 


dense compacts or 


with 


ceramic materials, are fabricated by 


straightforward assembly techniques. 
For boron-containing ceramics, vent 
tubes are attached at the top of each 
can to lead the helium produced by 
into a 


neutron bombardment of B! 


suitably designed reservoir. Such gas- 
collection systems would not be neces- 
sary for canned rare-earth ceramics. 
Extrusion. 
for fabricating control 
At present this technique is 
applied only to relatively soft, unclad 


Extrusion has also been 
used compo- 
nents. 
materials. This is principally because 


the semifinished cross-sectional areas 


of control rods are usually small in 
comparison with those of the extrusion 
billets. 


less-steel rods, for example, will not be 


As long as this is true, stain- 


extruded because the required ton- 


nages cannot be supported by the tool- 





TABLE 7—Effect of Irradiation on Boron Alloys* 


Material 


0.56 wt% Bin Ti 

0.21 wt% B"® in Zircaloy-2 
18-15 ss—0.5-wt % B" 
18-15 ss—0.85-wt % B' 
18-15 ss—0.19-wt % B' 
AISI ss 


* Tests made at room temperature 


Ductility indexi 
0.478 
0.500 
0.155 
0.042 
0.700 
0.980 


+ Ductility index is defined for bend specimens as the ratio of the irradiated deflection 


at maximum load to the unirradiated defle: 


tion at maximum load. 
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Unclad 


because of the nonuniform final clad- 


ing. alloys were specified 


dings realized when multibladed rods 
are extruded from round starting 
billets. 

When control rods require materials 
that cannot be fabricated by conven- 
tional techniques, both the cladding- 
uniformity problem and the extrusion- 
pressure difficulty can be avoided by a 
rather unorthodox extrusion method. 
A shortened, enlarged control rod is 
mounted in an extrusion billet of round 
cross section and extruded through a 
The 


billet, composed mostly of a relatively 


round die at low reductions. 
soft filler material, requires low extru- 
sion pressures, and since the reduction 
is the same at all points in the blade 
cross section, a uniform cladding layer 
The extruded rod is removed 
from the center of the round extruded 


results. 


shape by machining and dissolution of 
This technique is 
make 
control rods containing a large propor- 


the billet envelope. 
expensive but can be used to 
tion of brittle, dispersed phase. 

Hot extrusion has been recently ap- 
plied to the fabrication of 80% Ag-15% 
In-5% Cd control This alloy 
has a single-phase face-centered-cubic 


r¢ ds. 


structure and was chosen because it 
has moderately good corrosion resist- 
600° F 
absorption characteristics much 
those of hafnium. 


truded at 1,000° F. 


neutron- 
like 


Cast alloy is ex- 


ance to water and 


* 


This article is based on the following papers 
presented at the Symposium on Reactor Con- 
trol Materials conducted as part of the 
W inter Meeting of the American 
Society, October, 1957 (unless other- 
members of the staff 
Laboratory): 

** Broad Aspects of 


Selection for Reactor 


Second 
V uclea 
wise noted, authors are 
of Knolls Atomic Power 

Kermit Ande 
Absorbe V aterials 


rson, 


Control 

D. N Kermit Anderson, ‘‘ Rare 
Earth Cermets under Radiation”’ 

L. B. Prus, E. S. Byron, J. F. Thompson 
Electric ¢ orp., Bettis Plant), 
Alloy Control Rods”’ 
Dunning, Kermit 

Boron Containing Control Materials”’ 

vu E. Ray, ¢ J. Beck, *‘A Method of 
Hot Coextruding Shapes through 
Round Dies” 

J. Giacobbe Tube Co.), D. N. 

ing, *‘New Developments in the Fabri- 
tion of Hafnium Control Rods”’ 

W. E. Ray, H. W. Cooper (Superior Tube 
Co W. A. Neisz, *‘ Discrete 
Rods Containing Boron” 

S. J. Paprocki (Battelle Memorial Insti- 

W. E. Ray, D. Keller (BMI), *‘ Feasi- 


Composite Slabs for Reactor 


Dunning 


W estinghouse 
Boron Stainless Steel 
D \ 


Anderson, 


Complex 


(Supe rvor 


Fixed Poison 


y of 
Control 
W.E 
Buf for the 


Reactors"’ 


1 pplications”’ 
W. Barney, ‘* The Use of 


Control of Sodium Cooled 


seymour, 
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NOW... 
A COMPLETE 
NUCLEAR 


“PACKAGE FUEL” 


PLAN 


an _ 


q Nf 


Another SYLCOR first! Al! the customer needs is the allocation 
for the nuclear material required in the fuel. For a single price, 
SYLCOR will do everything else, straight through to the 

delivery of the completed nuclear fuel elements. 


SYLCOR’s pioneering nuclear “package fuel” 
plan means substantial savings in both time 
and money to the users of nuclear fuels. 


Here’s how SYLCOR’s plan works: 


@ SYLCOR will quote one fixed price which will 
be the total and only charge to the customer for 
the delivery of the completed elements for core 
loading. 


@ The customer need only obtain an allocation 
for the special nuclear material specifically re- 
quired in the fuel. It will no longer be necessary 
for him to get extra allocation to cover scrap and 
losses in the production of standard enrichment 
fuels. 

@ SYLCOR will arrange and pay for the conver- 
sion of UFs. 

@ Where rapid delivery is important, SYLCOR 
will supply from its inventory all special nuclear 
material required, replacing this material from 
the customer’s allocation before delivery of fuel. 
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@ SYLCOR will assume responsibility for proc- 
essing losses and scrap reprocessing of special 
nuclear material. 

@ SYLCOR will pay all use charges during the 
entire fuel element production period, with the 
customer assuming the direct use charge on only 
the special nuclear material in his fuel element and 
only after delivery of the completed fuel elements. 
The extreme simplification of this SYLCOR- 
developed “fuel package” plan permits 
SYLCOR to serve you better by providing 
the finest quality nuclear fuel quickly and eco- 
nomically. For full details on this new complete 
nuclear fuel plan, write to our Marketing Staff 
at Sylvania-Corning Nuclear Corporation, 


Bayside, N. Y. 
CORNING 


SYLVANIA— 
NUCLEAR CORP 
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Scintillation-Counter Analysis 


of EBWR Radioactivity 


By S. J. GOSLOVICH, J. H. PINGEL and H. R. FISH 


Industrial Hygiene and Safety Division, Argonne National Laboratory, Lemont, Illinois 


The Experimental Boiling Water Re- 
actor (EBWR) startup occurred on 
December 23, 1956, and the reactor 
reached its rated 20,000-kw power level 
on December 28. During full-power 
runs in early January, 1957, radiation 
safety personnel noted abnormally high 
air activity inside the EBWR shell. 
Filter paper taken from an air sampler 
was analyzed. It showed particulate 
Cs'*8 activity, presumably from the 
decay of its noble-gas parent, Xe!*8, 
which has a half-life of 17 min. As- 
suming equilibrium conditions, the 
Cs'8 air concentration was determined 
to be ~1.2 X 1077 uc/cm? at the time 
of sampling. 

A systematic study of various re- 
actor media Air-ejector 
gas, condensed steam and reactor-wa- 
ter samples were analyzed in bulk 
form by scintillation-counting methods. 
Tables 1 and 2 summarize the activi- 
ties that have been identified to date. 
Also listed in the tables is the ratio of 
concentration to maximum permissible 
concentration (MPC) (71) for those iso- 


was begun. 


topes present in sufficient 
All activity levels 
after the reactor had operated at 20 
Mw for at least 24 hr. 

It is that 
emitting radioisotopes that have been 
present in the EBWR environment 
during the past year (1957) did not 
greatly exceed the MPC. While the 
Cs'8 concentration at the air ejector 
has been about 150 times MPC, this 
concentration is greatly reduced when 


quantity 


were determined 


evident those gamma- 


the air-ejector gases are diluted with 
room air in the exhaust duct. 

The longest-lived isotope that has 
been detected at EBWR is Co. Its 
presence has been determined by anal- 
ysis of filter materials and mixed-bed 
resins that are wa- 
ter-purification loop. 
about eleven months of intermittent 
reactor operation, the Co concentra- 
tion in the mixed-bed resin column has 


94 


located in the 
However, after 


been insufficient to enable a quantita- 
tive determination. Presumably, the 
Co® generation is due to the (n,y) re- 
action with natural cobalt, which is 
amounts (<1%) 
in most stainless Therefore, 
cobalt-bearing materials should be 
avoided in the structural components 
of future boiling-water reactors. 


present in small 


steels. 


Water and Steam Activity 

The water and steam samples listed 
in Table 1 were analyzed as large-vol- 
ume Geometry esti- 
mated by assuming that a large-vol- 
ume source could be represented by an 


sources. was 


equivalent point source located at its 
center of mass. The condenser-tubing 
sample had a mass of only 33 mg and, 
considered a _ point 


therefore, was 


source. 


8 


The presence of 72-day Co** was de- 
termined by following the decay of its 
810-kev line for about 45 days. The 
decay curve indicated a half-life of 
about 76 days. 

Another radioisotope present in 
EBWR water and steam is F'*. 
this positron emitter does not emit 


Since 
gamma radiation, its associated 510- 
kev annihilation quanta provide the 
sole means of detection by gamma- 
scintillation counting. However, F'* 
activity is easily confused with that of 
Co*!, since their half-lives differ only 
by 10% and Co* emits a “‘true’”’ 510- 
key gamma-ray. Thus, a 
separation must be carried out. 


chemical 
Ac- 
cording to Table 1, the decontamina- 
tion factor (ratio of 
densed-steam activity) for F!* is only 
4.33. 
carried over as HF. 


water to con- 


Presumably, most of the F!8 is 


Gas Activity 


The gas passing through the EBWR 
air ejector consists primarily of H» and 
O». and normal room air, which leaks 
into the system at the turbine and the 
The H: 


ing from H,O disassociation, are swept 


condenser. and Os, originat- 


from the reactor by steam to the tur- 





TABLE 1—Neutron-Induced Activities at EBWR 


Gamma-rays 


Isotope Half-life (Mev) 


Reactor water 


Mn* 2.6h 0.850 


Fis 1.9h 
Condenser-tubing deposit 

Co** 72d 0.81 
Reactor steam{ 

Fis 1.9h 

Co* 72d 
Anion resin 

Cr*! 26d 


0.51f 
0.81 


0.32 


* All concentrations determined for 20-Mw react« 


longer. 
+t Annihilation quanta. 


t The steam samples were taken at a point ‘before 
of condensed steam 


The concentration is given per cm 


Probable formation 


Cone. 


MPC 


Concentration* 


x 10-2 pec 


cm?) 


n,p 


Mn® (n,7 


Al?’ (n,a 
AY 23 
Na*® (n, 


Ni®* (n,p 


0.088 


n,y) Trace 


Ni® (n,p 


p,n 


n,p 


O** (p,n 


* (n,p 


9 operation over periods of 24 hr or 


the steam enters the steam dryer. 
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Tibexperience in action 


FEASON FoR PREFER 


ray checks 2 critical weld 


Precision welds of hafnium and Zircaloy plate in 
a costly reactor component go under X ray at 
Superior’s Nuclear Products Division 


* Nuclear reactor components—complex structures, control 
rods and channels—made from the reactive metals are ex- 
tremely difficult to fabricate and usually represent many 
thousands of dollars in material and labor. Each end product 
must undergo thorough X-ray examination. Since we usually 
consider even the smallest defect cause to reject the entire 
unit, the workmanship called for is necessarily of the highest 
caliber. In addition, Superior has developed unique welding 
methods, special equipment and fixtures to make possible 
such precise fabrication, 


For example, our engineers have adapted the use of con- 
trolled atmosphere chambers for welding and can produce 
welds with complete penetration of the material. Other equip- 
ment, much of it special in design, includes hydraulic forming 
presses; machine tools for swaging, beading, flaring and ex- 
panding; five vacuum furnaces; pickling and rinsing equip- 
ment; high-pressure, high-temperature autoclaves for cor- 
rosion tests. 


If you need specially fabricated components, whether for 
nuclear reactor installations or not, consult our Nuclear 
Products Division. For more information on our facilities 
and services, send for a copy of Data Memorandum #23. 
Superior Tube Company, 2027 Germantown Ave., Norris- 
town, Pa. 


Syoevrar lade 


The big name in small tubing 
NORRISTOWN, PA. 


All analyses .010 in. to ¥, in. OD—certain analyses in light walls up to 2% in. OD 





West Coast: Pacific Tube Company, 5710 Smithway St., Los Angeles 22, Calif. e RAymond 3-1331 
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PERSONNEL 
MONITORS 


with External Probe 


Technical Associates, leading manu- 
facturer of personnel monitors, an- 
nounces 2 new models based on 
original designs by Argonne 
Laboratories. Model ALM 

and measures Beta-Ga 

ination on hands and feet. Model 
ALM-1X detects and measures alpha 
contamination on hands. Both models 
include external probe for checking 
clothing, hair, face, etc 


Model ALM-2X 
Hand & Foct Monitor 


In addition to the mode hown, 
T/A also manufactures Hand & Shoe 
Counters employing the register 
read-out principle based on Hanford 
designs. 


Write for Bulletin No. 


| | ECHNICAL ASSOCIATES 


Instrumentation for Nuclear Researe 


140 W. PROVIDENCIA AVE. + BURBANK, CALIF. 
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CROSS SECTIONS 


This article starts on page 94 


bine and condenser. From the con- 
denser, the gases flow through the air 
ejector and then to a holdup tank. 
The gas flow from the reactor to holdup 
tank takes about 1 min. 

Since the gases are concentrated at 
the air ejector, it is a logical sampling 
point. Samples were obtained in a 
l-liter, stainless-steel chamber 
t-mil-thick The 
was partially evacuated, and then air- 


with 
windows. chamber 
ejector gases were flushed through the 
Table 2 
lists the fission products that have been 


chamber for several seconds. 


identified in these gases. 

A cotton filter was inserted in the 
line ahead of the sample chamber to 
trap any particulate matter. Scintil- 
lation analysis of the filter indicated 
the presence of Ba!** (Table 2). Since 
the sample was analyzed about an 
hour after it was obtained, most of the 
Cs139 decayed 


10-min activity had 


leaving the Ba!*® daughter. Unfortu- 
nately, there was not enough Ba!*® to 
calculate its concentration. 
The same situation, i.e., a short- 
lived parent decaying into a longer- 
lived daughter, prevailed in the case 
Very little Xe'*® was ob- 
served because of the lapse of time be- 


of Cs!%8, 


tween collection and analysis. 

All activities listed in Table 2 result 
from xenon and krypton, two high- 
y ield, gaseous fission products. Ap- 
parently these gases escape through the 
Zircaloy 
enter the 
The presence of a relatively large break 


cladding by diffusion and 


reactor water and steam. 


or rupture in a fuel element must be 


discounted since no other fission prod- 
ucts have been observed. Iodine ac- 
tivity, for instance, is always observed 
in a fission-product release involving 
exposed fuel (2, 3). On the same basis, 
it can be assumed that no appreciable 
uranium contamination exists on the 


outside of EBWR fuel elements. 


Equipment 


Measurements and analyses of 
EBWR activity were made using sin- 
gle channel analyzer equipment, a 
5-in. photomultiplier tube and a 4 X 
t-in. Nal crystal. 

The electronic equipment consisted 
of a linear amplifier, a single-channel 
pulse-height analyzer, an electronic 
sweep circuit for automatically scan- 
ning any portion of a 0-100-volt pulse 
spectrum, a counting-rate meter, a 
a variable 500—1,000-volt high- 


Brown strip- 


scaler 
voltage supply and a 
chart recorder. 

A cylindrical 4 


was “canned” by 


1-in. Nal crystal 
Div. 
personnel in a 5-mil aluminum can and 
then 
compound directly to a 5-in. Du Mont 
To date, there 


is no evidence of deteriorating resolu- 


Klectronics 


sealed with Apiezon-Q sealing 


photomultiplier tube. 


tion due to moisture absorption by the 
crystal. Improved photopeak resolu- 
tion was obtained by optimizing the 
photomultiplier cathode-to-shield and 
shield-to-first-dynode voltages. As a 
result, resolution for the Cs'*’ line is 
8.5-9.0 %. 

Shielding for the crystal, photomul- 
tiplier and preamplifier consists of 4 in. 
of lead brick and 2 in. of iron plate. 
with in- 


‘he material forms a ‘“‘cave”’ 


side dimensions of 10 K 10 X 24 in. 





TABLE 2 


Half- 
] olope life 


Air-ejector gas 


Cs 138 33 mM 


Xe145 9.2h 
KrS5a t.5h 
Air-ejector filter 
Bat#? 85 m 


lon-exchange filter 
Ba?!*°- i3d 
La!# 

Room air 


Cg i388 


Decay 
chain mc/cm- 


fission 


Fission-Product Activities at EBWR 


Concentration 


MPC 


Concentration 


1.2 X 10 0.002 
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Decay-Rate Determinations 


In these measurements, the beta-ray 
disintegration rate of a beta-gamma 
D = 
where D = beta disintegration rate in 


source is expressed by c/eribg 


dpm, c = net counting rate under the 
photopeak in cpm, e = intrinsic effi- 
ciency of the crystal for any type of 
gamma interaction, r = the ratio of 
area under the photopeak to total 
counting area under the curve, i = in- 
ternal-conversion factor, 6 = gamma- 
branching factor and g = geometry. 
The factors i and 6} are easily ob- 
tained from compilations of nuclear 
data. 
termined in all cases as that resulting 


The geometry g has been de- 


Irom a 
located at a height h above the crystal. 
For the 4-in.-diameter by 4-in.-high 
crystal, the geometry factor is 


point source symmetrically 


h 
(h? + 4)” 


where / is in inches. 


The factors e and r are functions of 


gamma-ray and were deter- 


mined for the particular type and size 


energy 


of crystal employed (4). 


This article is based on work sponsored by 
the U. S. Atomic Energy Commission. The 
authors wish to thank C. E. Crouthamel 
(ANL) for the data furnished on 4 X 
crystals. They 
Henthorn, C. L 
and J. P. 
sion at ANL for designing and constructing 
the scintillation-counting The 
authors would like to acknowledge the assist- 
ance and cooperation of V. C. Hall (A NL), 
J. J. Hartig (ANL), 
E. W. O'Keefe (General Electric Co.) and 
C. B. Zitek (Commonwealth Edison Co., 
Chicago) in supplying samples from EBWR. 


4 on. 
wish to 
Johnson, W. W. Managan 


also 


equipment. 
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Xenon-Poisoning Computer 


By J. J. PAUL and J. R. G. COX 


Sperry Gyroscope Company of Canada, Ltd. 


V ontreal, Canada 


Xenon-135, 
high thermal-neutron absorption cross 


a fission product with 


section, necessitates large positive-re- 
activity changes to overcome its poi- 
ing effect in high-flux 
‘he Xe'®® may rise to such levels that 
the excess reactivity built into the 
insufficient to maintain 


reactors. 


son 


reactor is 
criticality. 
Numbers that 


quired in reactor operation are the time 


are frequently re- 
for which the reactor can be shut down 
and still be started up in time to avoid 
poisoning out (i.e., reach a poison level 
that the reactor cannot override), and, 
f the reactor does poison out, how long 
it must remain shut down. Operating 
limits can be fixed for the simple case 
of startup and running at full power 
until Xe! 
librium. 
be started up and shut down re- 
peatedly, calculations 
difficult. 
build in enough excess reactivity to 
cope with peak Xe'*® concentrations. 
To meet this problem, a computer 
built for use with the NRU re- 
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concentration reaches equi- 
However, a research reactor 
ma\ 
making such 
Also, it is not economical to 


Was 


actor (Figs. 1 and 2). 
puter, the effect of any changes in re- 
actor power on Xe!* 
be predicted and steps taken to avoid 


poisoning out. While the computer 


cost $16,000, it is estimated that a poi- | 
son shutdown that keeps the NRU in-| 
operative for 40 hr represents a loss of | 


about $30,000. 
The computer was designed for ~1 % 
Xe!8 


Tests on the experimental model 


accuracy in -concentration read- 
ings. 
have shown that it is capable of better 
than this. 

An 
adopted for the computer to avoid the 
inherent disadvantages that electronic 


electromechanical system was 


analog computers present for problems 
of very long solution times. Among 
the disadvantages are possible loss of 
stored information due to line-voltage 
tube surges and 
instantaneous insulation breakdown. 
Also, long time constants, which re- 


failures or failure, 


quire extreme-value resistors and ca- 
pacitors, may vary due to drift and 
leakage. 

The electromechanical analog com- 


thank L.| 


McMahon of the Electronics Divi- | 


R. E. Bailey (ANL), | 
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With the com- 


concentration can | 


Continued from page 4 


Components on trial 


A. D. Johnston, Reactor Engineer, 
checks parameter records. All photos 
courtesy of AEC. 


tem variables. A level-galvanometer 
channel continually indicates and 
records changes in reactor power 
level, and level-safety channels are 
included to trip the reactor if un- 
safe conditions threaten. 


Based on broad experience 


For the ETR control system, Leeds 
& Northrup engineers drew upon 
experience in instrumentation for 
power installations throughout the 
world. These installations include 
hundreds of load-frequency and com- 
bustion control systems, as well as 
the majority of nuclear reactors. 
To learn how this experience can 
help you in planning the instru- 
mentation of your reactor, talk to 
the men in the Leeds & Northrup 
office nearest you. 
Leeds & Northrup, 4986 Stenton 
Avenue, Philadelphia 44, Penna. 
Sales offices throughout the U.S.A. 


TTT 


| 
LEEDS .. NORTHRUP 


Instruments | i i j Avtomotic Controls « Furnoces 
ue i 





TEEL 


IS NOW AVAILABLE 


FROM St ockK 


Our new stock program makes it easy for you to get Fansteel 
quality tantalum sheet. 

If you are a RESEARCH ENGINEER... meet your devel- 
opment schedule by calling on Fansteel’s stock program. 

If you are a METHODS OR PROCESS ENGINEER... 
speed your pilot or pre-production runs by requisitioning tan- 
talum from the shelf. 

If you are a PRODUCTION ENGINEER... broaden your 
flexibility by relying on Fansteel’s stock to get production 


moving. Keep it rolling by a mill order delivered on schedule. 


IMMEDIATE A WE’LL RUSH YOU PRICE BULLETIN 
DELIVERY ace Call, wire or write for new = 
ON THESE 005” price bulletin just released. : 

FIVE 007” Contains complete prices for su 
MOST USED both tantalum stock items eval 
SIZES and special mill runs. 


FANSTEEL METALLURGICAL CORPORATION 


NORTH CHICAGO, ILLINOIS, U.S.A. 


| 
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puter has a high order of reliability 
and contains no vacuum tubes, com- 
mutators, slip rings, relays or alumi- 
num electrolytic capacitors. It is in- 
sensitive to transient disturbances. 
In the event of failure of components 
or interruption of line voltage, it will, 
in general, retain existing information. 


Mathematical Basis 
Some Xe!* is produced directly on 
fission, but the greater part of it is 
produced by decay of iodine-135.* 
: (2 min) 
6.4% of —, Te'*5 nen 
fissions 
ae re 
[13s 8(6.7 hr) a3 B(9.2 hr) (g13s 


0.19% of fissions —> Xe!*5 





The equations governing the con- 
centration of I'* and Xe! in a given 
region of the reactor aret 

dl I 
aP — (1) 
dt 


dX 


I X 
= bP + By i cPX (2) 
dt t l 


where J = concentration of iodine-135; 
X = Xe'®® concentration; t = time: 
P reactor operating power; t, = 
mean life of Xe'*® (13.28 hr); ¢; = 
mean life of 1! (9.64 hr); and a, b, ec, 
are constants for the particular reactor. 

The computer solves Eqs. 1 and 2 
continuously on a real-time basis, yield- 
ing instantaneous values of J and X. 
Thus, the effect of changes in reactor 
power on Xe'®® concentration can be 
predicted. The prediction function 
can be most conveniently performed 
by a second analog computer solving 
the same equations but on a greatly 
accelerated time scale. Charts or 
tables can also be used but are re- 
stricted in versatility. 

Equation 2 is a nonlinear equation 
because of the term (—cPX), repre- 
senting the destruction of Xe'*® by neu- 
tron absorption. This requires a mul- 
tiplier circuit in the computer. The 
rest of the terms in Eqs. 1 and 2 can be 


| handled by two integrators and appro- 


priate summing networks, 

The solution of Eq. 1 for constant 
input power P and with J = Io at 
t= 01s 


I = taP + (Io — taP)e’* (3) 


*R. J. Cox, J. Walker, Proc. I.E.E. 103, 


| 577 (1956 


+F. 8S. Goulding, A. G. Ward. Reactor 
xenon poison simulator, ALCL report 
CREL-597 (1955). 
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FIG. 1. Mechanism of computer 


The solution of Eq. 2 for constant P 
| an initial J value of Jo is 
a+ b)P 
cP + 1/t. 
I, — traP)e-’% 
+ 
-1/t; + 1/t. + cP) 


Pt+l/t, 


De“ 


(4) 

















3 
eo 
é 


The constant D depends on the ini- 
tial value of X. If we let X = Xo at 
t = 0, substitution in Eq. 4 readily 
yields a value of D in terms of Xo and 
the other constants. 

I'35 and Xe'*® concentrations are 
plotted against time (Eqs. 3 and 4) in 
Fig. 3 for arbitrary values of a, b, c and 
for two constant values of P. 

The first part of the graph shows the 
buildup of I!* Xe'*® concentra- 
tion from shutdown (P = Pp, Io = 0, 
Xo = 0). The value of the constant 
D in Eq. 4 during buildup (D,) will be: 


and 


—(a+ b)P,, 


D, = 
1/t. + cP, 


* on 
+ (oO) 
1/te + cPm — Vk 


| 
After the concentrations reach their 


equilibrium values (theoretically after 
infinite time), P is reduced to zero and 
the equations plotted with equilibrium 
values substituted for Jo and Xo. The 
second part of Fig. 3 then plots Eqs. 
3 and 4 P=0, I, = taPa, 
Xo = (a + D)P,,/(1/tz + cP m). 

The value of D in Eq. 4 after shut- 
down (D,) is 


with 


(a + b Pos 
of. 


D, = 
1/t. + cP» 


135 
] 








i 
V oP 
= 

r 




















< 
| S$ YX /ty | 
= = Rees carbs 


FIG. 2. 
for | 
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and Xe'*® concentrations 


Schematic of xenon-poisoning computer. 
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Integrator circuits solve equations 
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alumina 
ceramics 


dappill 


ripar 
AG herel 


= 
= 
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Walaa AOE TELA TSS 


Now you can apply the 
unique properties of alu- 
mina ceramics to special 
scientific projects: 


e Low neutron cross section—less 
than 1 Barn. 

e No structural change after expo- 
sure to 2 x 107° neutrons/Cm?. 

e Combines chemical resistance 
thermal stability and electrical 
insulation. 

e Can be metallized and brazed to 
stainless steels or other metals to 
form a hermetic seal. 


Frenchtown alumina cer- 
amics are produced in a 
variety of sizes and 
geometries, either in pro- 
totype or production 
quantities. Dense shapes 
of over 200 cubic inches 
have been manufactured. 

To engineers and scien- 
tists who wish to learn 
more about the capabili- 
ties and limitations of 
alumina ceramics, French- 
town welcomes the op- 
portunity to assist in the 
selection and proper utili- 
zation of these amazing 
materials. This assistance 
is directed toward obtain- 
ing optimum performance, 
simplifying complexity, 
reducing cost and expedit- 
ing delivery. 

Technical literature 
will be sent upon request. 


FRENCHTOWN NEW JERSEY 


My ‘OD 
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‘renchtown 


ORCELAIN COMPANY 





Low cost 
multi-channel 
PULSE-HEIGHT 
ANALYZER 


20 channels 
100 spectrum points 


$4390 

FEATURING: 

% Building Block Design — Installation 
can be expanded as desired 

% 10 to 50 channel! capacity 

% 5 digit direct readout 

% Excellent stability & resolution 

% Window amplifier system yields 50 to 
250 spectrum points 

% Simplified operation—easy to maintain 


The Eldorado Model PA 400 brings 
multi-channel analysis within the 
budget range of even the smallest 
laboratory. Expandable from 10 to 
50 channels, the building block de- 
sign enables the user to purchase a 
basic instrument and add additional 
10-channel increments as needed 
The window amplifier circuit pro- 
vides for a continuously variable se- 
lection of any 20v segment of spec- 
trum under study. With this design 
up to 5 times the number of data 
points as there are available chan- 
nels can be obtained. 
By adding an Eldorado Model 
TH300 Time-to-Pulse Height Con- 
verter, the above system becomes a 
Time-of-Flight Spectrometer and a 
Milli-microsecond Time Interval 
measuring device. 
SPECIFICATIONS 
INPUT PULSE RANGE: 5 — 105v 
COUNT STORAGE: 105 counts per channel 
CHANNEL STABILITY: + 15 my referred 
to the window amplifier input 
PRICE (f.0.b. factory) 
10 channels — $2990 
30 channels — $5790 
50 channels — $8590 
Write for complete technical informatien. 
Address department NS 


Biidorado 


Etilectronics 
2821 Tenth Street 
Berkeley 10, California 


CROSS SECTIONS 


This article staris on page 97 


The I'** concentration builds up and 
The Xe" 
centration comes to a maximum (X,, 
after shutdown. It can readily be 
shown that X,, and the time ¢,, at 
which it occurs can be defined by 


decays exponentially. con- 


log 


t."aP 
D,(t, — t;) 


| t.*aP,, 
log 
Dt, i t;) 


Mathematically, the condition for this 
rise to occur is that 6 be less than 
act.P,. In 
tors, the term representing the direct 
formation of Xe'** on fission (6) is 
small enough and the burnout term 


practical high-flux reac- 


c) is large enough to produce this 
Xe!®® peak after shutdown from full 
power. 

In constructing a computer of the 
type described, the value of X,, is of 
interest as representing the maximum 
required range of the xenon counte! 
and potentiometers. 

Figure 3 also illustrates the high rate 
Xe'*> concentration 
dX /dt) that can occur if the reactor 


power is increased when iodine con- 


of change of 


centration is low and the xenon has 
fallen to the poisoning-out level after 
power shutdown. 


Computer Design 

The computer circuit (Fig. 2) con- 
sists of a power follow-up servo, an in- 
tegrator circuit to solve the I'*5 equa- 
tion and an integrator to solve the 
Xe!*> equation. 

The computer derives its input from 
an extra slide wire in a conventional 
self-balancing potentiometer type of 
recorder that forms part of the reactor 
instrumentation. The excitation for 
this extra slide wire is derived from a 
bridge rectifier, direct current being 
used here to minimize the effects of 
vickup in the external leads. A servo 
motor powered by a magnetic amplifier 
drives the power follow-up potentiom- 
eter as well as potentiometers in the 
1'35 and Xe!*® loops. 
troduce the power-dependent terms ol 
the equations into the I'** and Xe! 
integrators. 


These latter in- 


Integration is accomplished with a 
tachometer generator having a linear 
output-vs-speed If a 
precision potentiometer is geared to 


characteristic. 


the generator, the displacement of the 
potentiometer wiper will be propor- 
tional to the integral, with respect to 
output. In 
practice, the speed and generator out- 


time, of the generator 


put can be made proportional to a 
given amplifier input by driving the 
generator through the amplifier and a 
motor and using the generator output 
voltage as negative feedback into the 
amplifier. 

The I'8 


signal the algebraic sum of three sig- 


integrator has as its input 


nals—a signal proportional to power 
derived from a potentiometer driven 
by the power follow-up servo, a feed- 
back signal from a tac hometer-genera- 
tor and a second feedback signal from 
the integrator output potentiometer. 
from the output 


The signal poten- 


tiometer is proportional to the I 
concentration, which is also indicated 
by a drum counter geared to the 
potentiometer. 

A second section on the I'* integra- 
tor output potentiometer supplies the 
main input signal to the Xe'* integra- 
tor. A signal representing the direct 
formation of Xe'** on fission is supplied 
by a driven by the 
Three feed- 


back signals are also applied to the in- 


potentiometer 
power follow-up servo. 


put of the Xe! integrator amplifie1 
the tachometer-generator signal, a 
signal proportional to Xe'** concentra- 
tion derived from a section of the Xe!**- 
integrator output potentiometer and 
a signal representing the burnout of 
Xe!**, derived by multiplying a signal 
from the Xe'*-integrator output po- 
tentiometer by a signal proportional 
to reactor power in a potentiometer 
multiplying circuit. A drum counter 
geared to the Xe!*-integrator output 
potentiometer gives a visual indica- 
tion of Xe'*5 concentration. 
Appropriate trimming potentiome- 


ters allow for scale factor adjustment. 


Design Details 

The operating frequency through- 
out is 400 eps to take advantage of the 
high-quality tachometer generators and 
available at this fre- 


servo motors 


quency. The generators are tempera- 
ture-stabilized drag-cup types designed 
for sustained accuracy and linearity. 

The precision potentiometers are 
servo-mounted for easy null adjust- 
ment. 

The iodine and xenon loop amplifiers 
each consist of a gain-stabilized zero- 
phase-shift transistor pre-amplifier with 
high input impedance, followed by a 
two-stage half-wave magnetic ampli- 
fier. The power-loop amplifier con- 
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P=Pm 


Pm = maximum reactor power 

Ie = equilibrium 1'35 

Xe = equilibrium 

Xm= maximum Xe 

Xp = reactor poisoning-out 
level 


135 





p=( 








Time — @'O 


FIG. 3. 


Time — 


Effect of reactor operation on |'*® and Xe'*® concentration. 


oO: 


Poison buildup 


and decay are shown for full-power operation, shutdown and subsequent to shutdown 


sists of a magnetk amplifier without 
pre-amplifier. 
output of the magnetic amplifier 
I (or Xe! 
f of the split control field of each 


) loop is connected 


) servo motors; the motor shafts 
ired to differential drive. The 
alf of each motor control field 

that 

amplifier output, the motors 


permanently energized, so 


half speed in opposite directions 

differential output speed is 
The differential output is geared 
hometer generator and precision 
above. 


ntiometers as explained 


f the two motors and differential 
es an infinite ratio of generator 
is to be without the 

erse effects of motor slot lock and 
that 
very low speeds. 


obtained 


mb friction occur with 2 
motor at 
own on Fig. 2 are the terms of 
| and 2 that are proportional to 
arious I['8 Xe!® counter 
gs and amplifier input voltages. 


determined by 


and 


ile factors are 


selection of ratios and 
the 


s defined as the ratio 


gear 
tment of voltages V)-V¢. 
op gain G 
enerator output to amplifier input. 
is the constants a, b, c, t, t, are 
ssed in terms of voltage ratios, 
ntiometer and counter turns, gear 
os. tachometer-generator transfer 
tions and loop gains, to give the 
operating the 
mputer. Variations in supply volt- 
should have no effect on over-all 
iracy inasmuch as this factor does 
pear inthe equations. Actually, 
e-voltage variations introduce slight 


equations of 


inces in the magnetic amplifiers 
matched the 
fferentials. 
The effect of 
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motors driving 


gain variation alone 


can be seen from the following. Using 
Eq. 1, if the I'** loop is adjusted at a 
which subsequently alters 


. . “Y | 
gain of G,, 
to Gs, the equation becomes 


dl er I 

dt al 
The equilibrium value (iodine con- 
centration at infinite time} is unaf- 
fected. For gains much greater than 
unity, the maximum error (occurring 
at ¢t = as a fraction of 


maximum concentration (taP), is 


t;), expressed 


1/G: — 1/G,)e 
0.37 (1 Ge — 1 G;) 


error /t;aP 


The effects on over-all accuracy of 
unbalance, drift, generator null volt- 
age and loading on the potentiometers 
and generators can all be evaluated in 
fairly straightforward fashion. Gen- 
erator residual (no-speed) voltage, for 
instance, is cancelled at the amplifier 
counters set at 


input (with 


zero) by inserting an equal and opposite 


output 


voltage from one of the precision po- 
tentiometers; this is accomplished by 
revolving the potentiometer slightly 
The these 
potentiometers at 
must be taken 
over-all analysis of accuracy. 
Maintenance and adjustment facili- 
ties are provided for setting up and 
checking These 
include voltage and current metering, 
loop-gain measurement and provision 


on its axis. settings of 


“zero” position 


into account in any 


circuit parameters. 


for simulating a given set of reactor 
conditions by manually inserting into 
the computer any values of P, J or X 
within the range of the equipment. 

* ~ + 


s wish to thank Dr. A. Pearson 
Energy of Lid., for his 
t and valuable advice. 
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AT LAST... | 
easy-to-use containers 
for 
radioactive wastes 


NEW 
FRRELIANCE 


SEA DISPOSAL 
CONTAINERS 





5 curie cobalt 60 container. Delivered complete 
with lead plug, steel shipping drum and lid. 





SCIENTIFICALLY ENGINEERED 
FEATURES 


© Full protection without excess heavy lead 
Costs less to buy less to ship. Gross 
weight only 421 Ibs 


© Comes complete with steel drum mounted 
on skid, lid, lead plug, labels and instruc 
tions. Ready for immediate use 


@ Meets ICC 55 requirements 
intensity less than 200 mr /hr 


Surface 


@ High density lead Shielding to all exterior 
surfaces 


@ Easy handling with permanently attached 
lifting padeyes 


© Can be used for Storage of less than 5 
curies of “hot'’ materials 


© One blow to lead plug seals container 
permanently. No worries about leakage 


@ Available in any size for 5 curies of solid 
of liquid cobalt 60. Containers also avail 
able for disposal of ali other radioactive 
materials 
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Reliance specializes in lead casting and 
shielding, and fabricates to precise toler 
ances. Whatever your needs for labora 
tory or medical use rely on Reliance 
Write for full information no obligation 
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ITREOSIL 


FUSED QUARTZ 


MEETS YOUR 
CRITICAL 


Absolute Chemical Purity 


Extreme Heat Resistance 


Thermal Shock Resistance 


Chemical Inertness 


Outstanding Electrical Properties 


Full-Range Radiant Energy 
Transmission 


VITREOSIL fused quartz prod- 
ucts can be supplied in an un- 
usually large variety of types 
and sizes. Also fabricated to 
specification to meet semi-con- 
ductor requirements. 


TRANSPARENT VITREOSIL 
For ultra-violet applications, 
metallurgical investigations and 
processes, chemical research and 
analysis, photochemistry, spec- 
troscopy and physical, optical 
and electrical research and pro- 
duction operations. Send specifi- 
cations for your requirements. 
Please use coupon below. 
See our ad in 


Chemical Engineering Catalog 


AMERICAN 
INC. 


New Jersey 


THERMAL 
FUSED QUARTZ CO., 


18-20 Salem Street, Dover 


Please send technical data on 


RET, Ceara’ 
Company____ 
Name & Title__ 
Street 

City. 


NUCLEAR ENGINEERING NOTES 


Gas-Cooled Reactors After taking stock of two years of Calder-Hall experi- 
Still U. K. Favorite ence, the British have decided that gas-cooled reactors 

look even better than before. In a recent lecture Sir 
John Cockcroft said that further development of power and propulsion reactors 
in Britain will concentrate mainly on high-temperature gas-cooled reactors mod- 
erated with heavy water or graphite. He observed that the ‘“ possible economic 
advantages of the sodium-graphite reactor did not seem to outweigh its serious 
development and maintenance problems.” Likewise the Atomic Energy Author- 
ity will not “‘pursue the pressurized-water- and boiling-water-reactor types for 
large-scale power.”” However since these are the “‘mainstay of the U. 8S. and the 
U. 8. 8. R. programs at present,” he noted, ‘‘they can not lightly be dismissed.”’ 
The AEA feels these two reactors enjoy a capital-investment advantage but suffer 
a very serious fuel-cost disadvantage. Assuming maximum potential develop- 
ment, the British calculate that the difference in fuel costs alone (in Britain) 
would amount to 0.7 pence/kwh (6 mills/kwh). 

In reviewing Britain’s gas-cooled experience to date, Sir John said that Calder- 
Hall behavior over the last 22 months has een ‘‘remarkably good” and that 
the principal technological uncertainties have been resolved. Full-power load 
Power- 

With 
reference to the safety question posed by the Wigner-energy-release accident at 
Windseale (NU, Dec. 


necessary during the lifetime of the power stations now being built since their 


factors higher than in most conventional plants have been achieved. 
level changes are now being made at rates of the order of 10 Mw(th)/min. 


’57, 43), the thinking is that a Wigner release may not be 


lowest temperatures are 20° C higher than in Calder Hall. 

Cockcroft also disclosed that in the Windscale incident three tons of uranium 
had been oxidized. In spite of this ‘‘ major fire” he maintained that the public 
health hazard could have been avoided had the stack filters been ten times less 
permeable. 

Fuel elements. Only three fuel elements of the 10,000 in Number One Re- 
actor at Calder have failed. ‘‘Slight faults” in the sheaths of the three elements 
have allowed an inleakage of CO. slowly to oxidize the uranium metal and release 
Even so no emergency shutdowns were necessary; replacement 
The 
Magnox-cladding failures were believed to be the result of fuel growth and could 


fission products. 
of the defective elements was scheduled for regular maintenance shutdowns. 


be eliminated by increasing the ductility of the Magnox. 

Fuel-element life is thought to be limited by the internal pressure of fission- 
product gases. 
dred atmospheres. 


These may build up in small bubbles to pressures of several hun- 
In the temperature range 450°-600° C (840°-1,100° F) the 
volume expansions caused by this internal pressure are of the order of 10% at 
3,000 Mwd/ton (the exact amount depends on metallurgical imperfections). The 
Magnox cans are being redesigned to accommodate such expansions. An exten- 
sive testing program in the Calder reactors to develop fuel elements for civilian 
power reactors is envisioned. 

Advanced reactors. 
two versions—one moderated with graphite, the other with D.O. 


Plans for advanced-design gas-cooled reactors exist in 
The objective 
in the graphite model will be to decrease capital costs per kw 30% by increasing 
the fuel-element-surface temperature to about 600° C (1,100° F). By using 
clusters of smaller-diameter fuel elements, the average thermal rating would be 
increased to 8 Mw(th)/ton. To get to these temperatures the AEA will change 
from a uranium-metal to a sintered uranium-oxide meat. Beryllium would prob- 
ably be used for the cladding. Fuel elements with beryllium cans have already 
been fabricated by the AEA and thermal-cycled hundreds of times through the 
alpha-beta transition point without damage. The first specimen is now going 
into DIDO for irradiation tests. 

The advanced graphite reactor will use slightly enriched fuel. 
with the higher performance requirements will increase fuel-element costs. 


This together 
How- 
ever, the greater irradiation stability and thermal efficiency should permit about 
twice the heat output per ton so that over-all fuel costs will be about the same as 
the first-generation reactors (about 0.16 pence/kwh). With capital costs of the 
order of £80/kw(e) and for the 70% load factor predicted in the late 1960’s, the 
total power cost would come down to 0.47 pence/kwh. 

According to British thinking, a D.O-moderated gas-cooled reactor, since it is 
smaller than the graphite type, should also be able to reach a capital investment 
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of £80/kw(e). About £10-15 of this 
amount would be invested in D,O. 
(D.O production has been studied at 
Harwell during the last few years.) 
Furthermore the excellent neutron 
economy of the D.O makes for low 
fuel costs. Thus the over-all econom- 
ics of gas-cooled D.O reactors appear 
as favorable as the graphite variety. 

For the ultimate gas-cooled reactor 
the British see fuel elements clad with | 
ceramic instead of metal. This might 
allow an increase in gas outlet tempera- 
ture to 700° C (1,300° F). The AEA 
is attempting to develop impervious | 
ceramic cladding for a ceramic fuel ele- 
ment containing graphite, uranium and 
thorium. A zero-energy experiment 
now being built at Winfrith Heath will 
study the nuclear properties of the re- | 
actor at high temperature. If success- | 
ful this reactor might have applications 
to propulsion. 

Fast-breeder outlook. Sir John in- 
dicated that the favorable record of the 
gas-cooled thermal reactors may be 
shifting British long-range plans away 
from the fast reactor concept. Al-| 
though it had been announced that| 
Britain expected to rely heavily on fast 
power reactors (of the Dounreay type) 
after 1980 (NU, Dee. ’57, 24), Cock- 
croft observed that, since the supply | 
of uranium available to the West is now 
more than necessary to support any 
foreseeable nuclear-power program up | 
to the late 1970's, the original ur-| 
gency for fast-reactor development has | 
largely disappeared. The main prob-| 
lem is to find the most economical way 
of burning the by-product Pu from | 
thermal-reactor stations. Whether or | 
not this can best be done in thermal | 
reactors or fast reactors is something 
the British hope to resolve when| 
Dounreay goes critical. 
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IN OUTER SPACE, GAS FILLS 

FOR COUNTER TUBES MUST 

BE OF HIGHEST PURITY. 
That's why... 
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/ COUNTER TUBE 
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iction and measuring tube 
ite steadily sends vital infor- 
fh. To be absolutely certain 

r tubes perform perfectly, 

‘Laboratories, Inc., subsidiary 

; fills them with neon and halo- 

res supplied by Linpe. For these 

Dinpe Rare Gases and Mixtures, are 
btainable on Earth. 

Anton Laboratories uses LinpE Gases exclu- 
sively as fillsin counter tubes, surgical probe tubes, 
voltage regulators, and other electronic devices. 
In mass production, identical tubes filled with 
LinbE Gases are interchangeable. 


For detailed data on physical and electrical properties of Livpe Rare Gases, 
write Dept. NU-5. Linpe Company, Division of Union Carbide Corpora- 
tion, 30 E. 42nd St., New York 17, N. Y. Offices in other principal cities. 
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Last September Congress authorized the AEC to con- 
sider the pros and cons of starting two new reactor 


projects. 


The first had to do with whether new im- 


proved versions of the Hanford Pu-production reac- 
tors should generate electric power as a by-product. 
The second was to explore the feasibility of adding a 
gas-cooled, graphite-moderated reactor (an ad- 
vanced Calder Hall type) to the U. S. power-reactor 


development program. 


Last month the AEC pre- 


sented its findings to Congress on both of these ideas. 
NUCLEONICS has summarized the main points and 
conclusions in these two articles 


AEC reports to Congress on... 


1]. Gas-Cooled Power Reactors 


To study gas-cooled graphite-moder- 
ated reactors Kaiser Engineers was se- 
lected (from thirty-one interested com- 
panies) as a prime contractor, with 
ACF Industries, Inc., as subcontractor 
to provide assistance on nuclear calcu- 
lations and reactor design. 
of work on gas-cooled, graphite-moder- 


The scope 


ated power plants assigned to Kaiser 


included: 


* feasibility study of a full-scale, 
natural-uranium-fueled plant opti- 
mized for minimum cost of power. 

® preliminary design of a 40,000 
kw(e) prototype for such a plant, 
including evaluation of plant op- 
eration with partially enriched as 
well as natural uranium. 

*feasibility study of a 
partially enriched-uranium fueled 
plant optimized for minimum cost 
of power. 

® feasibility study of a prototype for 
this last plant. 


full-seale, 


The study yielded these major conclu- 
sions about gas-cooled graphite power 
reactors: The United States has enough 
technical knowledge to start today (if 
it wanted to) building reactors of this 
type as advanced in design as any now 
being built. These plants would not 


104 


yield competitive nuclear power in the 
United States but show promise of this 
future The 
economic potential of gas-cooled graph- 


granted improvements. 
ite-moderated reactors using slightly 
fuel 
superior to that of natural-uranium- 


enriched uranium is definitely 


fueled concepts. An exception to this 
might be Pu-recycling with natural- 
uranium feed, but too little is known 
yet about Pu-fuel technology to say 
for sure, 


Technical Problems 

The major problems associated with 
the design of a gas-cooled graphite- 
moderated reactor power plant are 
choice of coolant gas, fuel materials, 
and major equipment such as the pres- 
sure vessel and steam generator. 

Although helium has problems of 
availability (especially for foreign coun- 
tries) it is preferred over CO» as a 
coolant gas since CO, appears limited 
by graphite oxidation to temperatures 
below 1,000° F. As to fuel materials, 
natural-uranium elements using metal- 
lic meat and Magnox clad are felt to be 
limited to temperatures below 800° F 
by buildup of fission-product 
With a slight enrichment a UO2 meat 
and stainless clad could be used, allow- 


gas. 


ing much higher temperatures. Al- 
though major components (especially 
for helium-cooled systems) have yet to 
be developed, no really serious diffi- 
culties are foreseen. Fabrication of 
large pressure vessels will not signifi- 


cantly limit plant capacity. 


Enriched vs. Natural U 

Gas cooled reactors which could be 
designed now for use with partially en- 
riched fuel appear capable of super- 
steam to temperatures of 
F at pressures over 1,000 psig. 


heating 
1,000 
These steam conditions approach those 
used in modern conventional steam 
plants and result in net thermal effi- 
ciencies of 30 to 35%. Plant capaci- 
ties in excess of 200,000 kw/(e) are 
feasible. 

Plants of this type could be built in 
the United States during the next 5 to 
6 years for $400—$500/kw(e) (exclusive 
of working capital, interest during con- 
The 


215-Mw/(e) plant designed by Kaiser 


struction and cost of first core). 


Engineers would have a total power 
cost of 13.4 mills/kwh assuming 9,000- 
Mwd/ton fuel exposure. 

How would a natural-uranium reac- 
tor compare with this performance? 


Continued on p. 146 
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DUAL-PURPOSE plutonium production reactor proposed by General Electric Co. as possible successor of existing Hanford piles 


Reactors 


2. Dual-Purpose Production 


ment could reduce the cost of making 
Pu in the replacement facilities by 
converting some of this power (which 
is now dumped into the Columbia 


It is also known that the power pro- 
duced by the three existing reactors 
at Hanford is very large by utility- 
The question has 


Interest in Pu-production reactors 
from the realization that the 
present facilities at Hanford (which 
began operation in the fall of 1944) will 


stems 


station standards. 


hi 


ve to be replaced before too long. 


been raised as to whether the govern- 





Vv 


Arguments For Dual-Purpose Reactors 


Production-only reactors are an economic waste. 

It would prove cheaper for the government to buy additional Pu from 
industry than build more government-owned plants. 

Government purchase of Pu would do away with the need for a direct 
subsidy for industry. 

Even power-only reactors proposed by industry today count on selling 
Why not recognize this? 
turn out to be a 


Pu at weapon-grade prices. 
Today’s military production requirements may 


permanent way of life. 


Arguments Against Dual-Purpose Reactors 


The eventual aim is an economic power-only plant—so why not con- 
centrate on this from the beginning. 

Crediting Pu with its weapon value instead of its fuel value will shift 
reactor development in a direction that will prove to be unrealistic for 
the long-range power interests of the nation. 

An extensive dual-purpose program would produce more Pu than we 
would need. 

Growth of peaceful atomic energy would be inhibited by associating 
it with a defense effort (e.g., dual-purpose production-facility data 
would be classified). 

The larger capital investment needed for dual-purpose plants would 
make industrial participation more difficult. 


From a manuscript by A. B. Greninger, Hanford Atomic Products operation, 
General Electric Co., Richland, Washington. 
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river) into saleable electricity. Thus 
the AEC asked for a study of the rela- 
tive advantages of dual-purpose de- 
signs as well as an improved version 
of the existing single-purpose reactors. 
The conclusions reached by the Gen- 
eral Electric team that did the study 
were (1) the design reactor as a single- 
purpose facility would produce Pu in 
larger quantity and for lower costs than 
any competing concepts. (2) A dual- 
purpose plant with the same Pu-pro- 
duction rate and a moderate by-prod- 
uct power output [300 Mw(e)] would 
have no significant cost advantage at 
Hanford. (3) A dual-purpose concept 
generating large [700 Mw/(e)] amounts 
of power would have significantly 
lower Pu costs but the rate of produc- 
tion would also be significantly lower. 


Reactor Study Scope 


The G. E. study 
specific objectives: 


covered these 

® Estimate the capital and operating 
costs of single and dual-purpose 
facilities. ” 

® Calculate Pu production rates and 
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and (d) design of the emergency vapor- 
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Continued from p. 105 venting system. All are considered 


capable of solution but in some cases 


ELECTROLYTIC § 


CONDUCTIVITY 


IS OUR 
BUSINESS! 


Industrial Instruments offers the most com- 
plete line of electrolytic conductivity equip- 
ment for the measurement and control of 
solution concentration. Standard models are 
available for use in all conductive solutions, 
ranging from distilled water to concentrated 
acid and alkalis, and in all temperature ranges. 


TYPE RC LABORATORY 
CONDUCTIVITY BRIDGE 


VERSATILE: Wide range of measurement from 
less than 1 to more than 100,000,000 ohm-cm. 


ACCURATE: Within plus or minus 1% of resistance 


VARIABLE SENSITIVITY: Up to maximum of = 
4%. Adjustable for rapid balancing 


EXTRA LONG SCALE: 84” effective length 


CONDUCTIVITY 
CELLS 


BODY MATERIAL: 

To fill every temperature, pressure, 

or corrosion resistance requirement 

Polystyrene, lucite, epoxy, nylon, polyethylene, 

bakelite, hard rubber, teflon, Kel-F, stainless 
steel, nickel, Monel or glass 


ELECTRODE MATERIALS: 
graphite, gold or tin. 


PHYSICAL RANGE: Pressure up to 7000 psi. 
Temperature up to several hundred degrees F. 


CONDUCTIVITY RANGE: Complete line of cell 
constants for all applications from measure- 
ment of ultra pure water to highly concen- 
trated solutions of acids, alkalis and salts. 


Nickel, platinum, 


WRITE . . . for latest Conductivity 
Equipment Catalog and Price List 


Nuclear Dept. 


Industrial 
Instrumenss inc. 


89 Commerce Road. Cedar Grove, Essex County, WJ 


unit costs for single-purpose opera- 
tion and for a range of by-product 
electric-power outputs. 

® Outline the development work re- 
quired for the alternate concepts. 

® Develop preliminary schedules for 
construction and operation of the 
concepts considered. 


Reactor Concept 


The reactor (see figure) consists of a 
large block of graphite pierced hori- 
zontally by zirconium-alloy 
tubes that contain the fuel elements 


process 


and provide channels for coolant flow. 
The contemplated fuel elements are 
clusters of cylindrical uranium rods. 
The graphite stack is comprised of 
thousands of pieces of machined, reac- 
tor-grade graphite. Special passages 
are provided in the graphite to permit 
venting of steam from the tube chan- 
nels in the event of a tube rupture 

For the plutonium-only case, the pri- 
mary coolant would be demineralized 
water, recycled through the reactor and 
The 


river 


heat exchangers under pressure. 
secondary coolant would be 
water, pumped from the river through 
the heat-exchangers and then back to 
the river. For the dual-purpose cases, 
the secondary-circuit boiler feed water 
is pumped to the steam-generation 
heat-exchangers. The steam produced 
operates the primary pumps and sup- 
The 
densate from these facilities is recycled 
back, 
water make-up. 
water is taken from, and returned to, 


plies the turbogenerators. con- 
supplemented by demineralized 
Condenser cooling 
the river. 

For either the single or dual-purpose 
versions, the major development prob- 
lems would be (a) fuel-element design, 

b) operation of the graphite at high 
temperatures, (c) process-tube design 


the solution may not be available at 
startup date. 
a high integrity fuel 


the earliest projected 
For instance, if 
element has not been developed by the 
time the reactor begins operation, the 
suggestion is to use the best avail- 
able element at some sacrifice in reactor 


performance. 


Three Types 


Six alternate versions of the basic 
reactor concept were studied in detail; 
these gave rise to six additional gen- 
eralized reactor designs. Three cases 
that span the range of conditions cov- 
ered by the studies are: 
Plutonium-only reactor—capital cost: 


$126-million 


Design would provide for plutonium 
production only, utilizing conventional 
heat exchangers, with no provision for 
conversion to dual-purpose operation. 
The pressures in the primary loop are 
only as high as need be to prevent 
boiling while carrying away the heat 
generated. Water in the primary loop 
is circulated by conventional electric- 


driven pumps. 


Plutonium-power reactor [300 Mw(e)] 
capital cost: $198-million 


The reactor would operate at a high 
power level to produce plutonium at 
rate as the single purpose 
reactor above plus 300 Mw of electric 


the same 


power. At a reduced power level, 
plutonium production rate would be 
lower if the 300-Mw/(e) output is 


maintained. 


Plutonium-power reactor [700 Mw(e)!] 
capital cost: $256-million 


This reactor would operate at a lower 


power level and Pu-production rate 





Plutonium Cost Comparison 


Plutonium- 


only 


Capital costs (10°$) 126 


Plutonium unit cost 


Plutonium 
plus 700 Mw(e) 


Plutonium 
plus 300 Mw(e) 


198 256 


%, of cost for Pu-only reactor and ten-year Pu demand 


Full cost basis 
Ten-year Pu demand* 
Twentyfive-year Pu demand 
Incremental cost basis 
Ten-year Pu demand* 
Twentyfive-year Pu demand 


100 % 
78% 


88 % 


66 % 


* Pu credited at fuel value of $12/gm during power-only period. 
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than the single-purpose design but 
would have a 700 Mw(e) output. The) 
heat-removal and steam-generation sys s-| 
tems would be similar to those of the 
300-Mw/(e) reactor except for size and | 
capacity. 

Many variations on these three cases | 
are possible, particularly with respect 
to: the amount of electric-power equip- | 
ment installed at the time of construc- 
tion, the provisions made during con- 
struction for subsequent installation of 
initial or additional power-generating 
equipment and the timing of any such 
nstallations. 

With the reactors above, for a sin- 
gle-purpose reactor with provision | 
built in for subsequent installation of 
moderate amounts of electric power, | 
the initial capital cost would be $151-| 
million (as compared with $126-million 
for no power provision); installing the 
generators, etc., would cost about 
$59-million bringing the total cost for 
the plant and auxiliaries to $210-million 
as compared with $198-million for the 
300-Mw(e) unit mentioned above). 
Similarly, a unit built for conversion 
to large amounts of electric power 
would cost $191-million (vs. $126-mil- 
on), and later power-equipment in- 
stallation would cost $75-million if 
done in one step, and $83-million if 
done in two steps, making the total 
costs $266-million or $274-million [vs. 
$256-million for 700-Mw(e) reactor 


abo. ¢ 


Economics 
The over-all economics of both sin- 
gle- and dual-purpose reactors depend 
on assumptions about site location and 
method of financing. Although some 
estimates were made for a reactor at 
sites other than Hanford and for pri- 
vate financing, the emphasis was on a 
production reactor built and operated 
with government financing at the Han- 
ford site. ‘‘Government” financing 
includes amortization, cost of U fuel 
onsumed and labor, materials and 
services needed for operation but does 
not include interest on capital invest- 
ment and fuel inventory, process de- 
elopment costs and allowances for 
insurance, taxes and profit. The table 
shows unit Pu costs calculated on this 
basis for the three reactors relative to 
the Pu cost for the single-purpose reac- 
tor. Figures are presented both on an 
remental-cost” basis (only the 
actual additional expenses to the AEC 
of adding another reactor are con- 
sidered) and a “full-cost” basis (the 


reactor bears its pro-rata of over- | 
Continued on p. 146 | 
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You get MORE than accurate counting 


SODECO 


with 


Electric Impulse Counters 


SODECO just starts with counting accuracy. With SODECO 
Electric impulse Counters you get many additional built-in 
advantages which enable you to use them for your toughest 
counting problems. For example: 


SODECO TYPE TCeZ 
Instantaneous Mechanical Reset 
@ Just touch the toggle— 
Counter resets to zero 


* Fast—counts up to 25 
impulses/sec. 


* Compact — suitable for 
flush mounting. 


* Low power demand — 
SODECO TYPE TCeF used in electronic cir- 
Instantaneous Electrical Reset cuits. 


@ Counter resets electrically 
—instantly. 


Both types are available with auxiliary contacts which allow you to connect 
them to other counters for applications such as batch counting, recycling, etc. 


No matter what your 
counting problem, you 


| can 
| for 
for 


count on SODECO 
the answer. Write 
complete informa- 


tion. 
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American helps 
nuclear plants 


j 


reuse — — 


\ 


“hot” clothing 


There’s no need to throw away uni- 
forms, gloves, or other clothing ex- 
posed to radioactive or toxic materials. 
Now, you can decontaminate and wash 
them right in your own plant. This 
reduces expenditures for replacement, 
keeps clothing always available right 
on the premises. 

The American Laundry Machinery 
Company has developed a complete 
line of automatically controlled, labor- 
saving equipment especially designed 
to provide nuclear plants of any type 
or size with a modern, efficient laundry 
and decontamination installation. 
For complete information on nuclear 


plant laundry equipment, write today 
for Catalog 2642. 


Leal —i g [er- ia) 


The American Laundry Machmery Company, Cincinnati 12, Ohio 
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FIG. 1. 


spherical containment shell is of double-wall construction. 


WI 


One of two reactors being built at Hunterston, Scotland. 


TINT AN 
1 Wi Ww i} 


Seventy-foot-diameter 
Note charge-discharge (re- 


fueling) machine below reactor; it can refuel while the reactor is in operation 


Gas-Cooled Reactor for the 


South of Scotland 


By P. J. GRANT 
The General Electric Co., Ltd., E1 


At Hunterston, the Firth of 
Clyde some 35 mi 8. W. of Glasgow, 


Scotland, construction is under way on 


on 


a two-reactor nuclear-power station for 
the South of Scotland Electricity 
Board (SSEB). In common with the 
other British nuclear-power stations, 
the basic physical properties of the two 
reactors are similar to those of the 
Calder Hall station (1). The main 
difference between the SSEB station 
and Calder Hall is to be found in the 
fact that the purposes of the stations 
are different. Calder Hall 
signed for both plutonium production 
and electricity generation, whereas the 
SSEB design is for a base-load plant 
Also, 
engi- 


was de- 


operating at a high load factor. 
technological advances in the 
neering of commercial nuclear-power 


ith, Kent, 


Electricity Board 


England 


stations, particularly marked in the 
SSEB project (2), have inevitably had 
their effect on some aspects of the phys- 
ical design. 

As in the Calder Hall reactors, the 
natural-uranium fuel will be contained 
within a pile of graphite and the heat 
generated will be transferred by circu- 
lating CO2 under pressure. The cylin- 
drical core (see Fig. 1) of each of the 
two reactors will be built up of graphite 
blocks that fuel-ele- 
ment and control-rod channels. 
of the 3,288 fuel-element channels con- 


contain vertical 


Each 


tains ten fuel elements stacked one on 
top of the other. 
of 
sealed in a magnesium-alloy can that 
its outer 


The elements consist 


of rods natural-uranium metal 


has heat-transfer fins on 


surface. 
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TABLE 1—Characteristics of the South 
of Scotland Reactor 


Location: Hunterston, Scotland 


Type: 
Output 
electrical: 
Core 
Configuration: 


gas-cooled pile 
530,000 kw 
180,000 kw (gross) 


thermal: 


cylinder 

44.5 ft dia X 23 ft 
natural U 

250 tons 


mPize: 
Fuel 
load: 
Control rods 
Number: 
Absorber 


material: 


158 


boron-steel 
21.3 ft 


material: 
length: 
Fuel elements 
Type: rod 
Number: 32,880 
Rod dimensions: 1.15 in. dia X 24 in. 
Canning Magnox A.12 
Moderator 
Type graphite 
: 2,000 tons 
8.25 in. 


Total inventory 
Lattice pitch: 
Channel dia. 
4.1 in. 
3.8 in. 
CO, 


central: 
outer: 


Coolant: 





Lattice Properties 


The principal lattice and core dimen- 
sions appear in Table 1. The lattice 
properties were computed by standard 
methods and are based on exponential 
and fine-structure measurements car- 

1 out by the U. K. AEA. 

\t the present time, the capital cost 

of the station represents a higher pro- 
ortion of the cost per net kilowatt- 
hour than does the fuel cost. The lat- 
parameters are therefore optimized 

th the aim of obtaining maximum 
it output from the reactor rather 
than obtaining a very high conversion 
The lattice pitch and uranium 
rod size are chosen so that k~ is very 


ratio 


near its maximum value for a graphite- 
and-natural-uranium system employ- 
ing large coolant channels. 

Table 2 is a summary of the lattice 
parameters in both the cold and 
hot (poisoned by-xenon) conditions. 
The figures are averaged over the en- 
tire reactor refer to the initial 
state with a fresh fuel charge. 


and 


Slowing-Down and 
Diffusion Areas 

In any reactor of this type, because 
of the large channels for the gas coolant, 
considerable radial asym- 
metry the present 
design, the asymmetry is further en- 


axial and 


exists (3). In 


hanced because of the method of fuel- 
element that Each 
fuel element is supported individually 
within 


support is used. 
a cylindrical graphite sleeve 
The fuel-element sleeves 
a channel in the 
fixed graphite structure. There exists, 
therefore, neutron streaming, not only 


(see Fig. 2). 


are stacked within 


up the gas channel inside the sleeve, 
but also up the annulus that surrounds 
The annulus is required 
to give sufficient mechanical clearance 
As a result, the ratio 
of migration areas is ~1.15. 


the sleeve. 
for refueling.) 
Flux Distribution 


The 


compromise between the physical re- 


core dimensions represent a 
quirement of minimum over-all neutron 
leakage and the demand, from the heat- 
transfer aspect, that the gas channels 
should be as short as possible to mini- 
mize the pumping power. 

In computing the over-all flux dis- 
tribution, a method 
used with allowance being made for the 
asymmetry of the slowing-down and 
diffusion areas. The axial and radial 
neutron leakages given in Table 2 were 
calculated by the one-group method 
for an unflattened reactor. When 
these are compared with the value of 


two-group was 





TABLE 2—Lattice Parameters 


Parameter 


rhermal utilization factor, f 
Resonance escape factor, p 
Fast-fission factor, « 
Chermal-fission factor, 7 
Multipheation constant, k, 
(xial leakage 

Radial leakage (unflattened) 


Reactor condition 


Hot, with Xe | 


Cold. clean 


918 906 
891 
028 
278 257 
O84 043 

021 

012 


SUY 
028 
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C.H. Wheeler. Here you'll find an 
Engineering Department spe- 
cially geared to the development 
of canned pumps, condensers, 
glandless valves, heat exchangers, 
pressure vessels, test loops and 
other products of similar scope. 
Some of these engineers started 
working in the nuclear field 19 
years ago. All are highly-skilled, 
imaginative and creative. Back 
of them is 71 years of engineering 
and manufacturing experience. 
Isn’t this the kind of organiza- 
tion you need to help you out? 
Ask about the engineering, devel- 
opment and manufacturing ser- 
vices now available to consult- 
ants, contractors and industry. 


Serving Industry For Nearly 
Three-Quarters Of A Century 


Atomic Products Divis: 


C. H. Wheeler Mfg. Co. 
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another FEVINTHAL 


scintillation transducer 


Now available in diameters ranging from 
1% to 5 in., these transducers combine Levinthal 
Nal (T1) crystals mounted in optical contact with 
standard photomultipliers. 

Size pictured is 1% by 1 in. thick and fea- 
tures an 8-mil aluminum gamma-ray window for 
low-energy work. Having a light-tight magnetic 


LEVINTHAL ELECTRONIC PRODUCTS, INC. 
PALO ALTO 3, CALIFORNIA 


STANFORD INDUSTRIAL PARK 


shield, the device is ready to plug in and 
operate. As the response curve shows, typical 
resolution is 8 per cent, and peak-to-valley 
ratio is 75 to 1. 


Check Levinthal also for your needs in 
crystals — mounted, unmounted, or in special ar- 
rangements to meet individual requirements. 
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® Net Weight 10-1/2 Ibs. 
© Power Supply 105-125 Volts, 
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Precision built to give accurate flux density 
measurement and determine ‘‘flow’’ direc- 
i The unit also locates and measures 


tion. 
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and is ideal for checking production lots 
against a standard. Simple to operate, the 
D-79 gives no ballistic reading . . . doesn’t 
jerk or pull. Comes in protective carry- 


ing case. 
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|e during operation conditions, it is 
| apparent that there is excess reactivity 
available that could be used either to 
| flatten the flux distribution or to in- 
crease fuel burnup. This excess reac- 
| tivity has been used for flux flattening. 
|The flattened radius is 11 ft 
50% of the core radius). 
The flattening will be 
initially by replacing fuel elements in 


(almost 


carried out 
some channels in this zone with steel 
Later in the life of the reactor, 
these bars will be withdrawn and the 


bars. 





flattening carried out by running this 
| zone of the reactor with more highly 
fuel than the 

The average power density of the 
reactor is 2.11 Mw/tonne* of uranium, 
giving a total heat output of 530 Mw. 


irradiated outer zone. 


Control Rods 


There are 208 control-rod channels in 
all, one in the center of each group of 
16 fuel Only 156 control 
rods are actually provided and these 
have a total worth of about 8.5% 
Ak/k. The distributed in 
four groups: a fine group of four rods, 
each controlling ~0.1% Ak/k;a safety 
group controlling 1.25% Ak/k; and two 


channels. 


rods are 


coarse groups. 

Of the unused control-rod positions, 
14, spaced across a diameter of the 
core, are used for flux plotting by the 
same activated-wire technique that is 
used at Calder Hall. 


Radiation Shielding 


In determining the shielding require- 
ments of the SSEB station, the phi- 
losophy adopted was based on four 
assumptions. 

® Wherever 
work, the combined dose rate from all 
radiations must be reduced below !¢ of 


personnel normally 


the maximum permissible level (mpl) 
of 0.3 r 

* At all points where regular but 
short work is performed, the level must 
be reduced below 1 mpl. 

® Wherever work is performed only 
rarely, or wherever it is impossible to 
reduce to 1 mpl, a dose rate will be 
tolerated such that, in one day, the 
dose received will not exceed 14 of the 


week, 


unit of 
that is 


the 
system 


* Diminutive of tonneau, 
the metric 
1,000 kg. The tonne is 
|}equivalent to 1.1023 short tons and to 
0.9842 long tons. The short ton is equal to 
2,000 lb, the metric ton to 2,204.6 lb and 
ton to 2,240 lb. 
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measure in 
equivalent to 


the long 





Graphite sleeve 


Bottom spider 


FIG. 2. Replaceable-channel fuel ele- 
ment is one of ten in each of 3,288 chan- 
nels in graphite-block core structure 


allowed weekly total and, further, that 
the dose received in any one week does 
not exceed the allowed weekly total. 

* Wherever ingestion hazards might 
occur, either from graphite dust or ac- 
tive gas, the region will be monitored to 
determine the local dose rate. 

To determine the shield thickness re- 


quired, a two-group calculation through | 


core, reflector, pressure vessel and con- 
crete shield was performed to deter- 
the that 
gives rise to gamma-ray emission from 
It was found, as 
expected, that the shielding thickness 
required (9 ft for the walls and 1014 ft 
for the determined the 
gamma radiation from neutron capture 


n the steel of the pressure vessel. 


min¢ neutron distribution 


the different layers. 


roof) is by 


Shield Heating 


In the Calder Hall reactors, a steel 


thermal shield is used to prevent radia- | 


tion heating of the biological shield. 


This was not considered essential but 


was included as a precautionary meas- 
ure. Inthe SSEB reactors, the double- 
shell construction of the containment 
shell, with 
thickness in the pressure vessel, renders 
shield 


coupled increased 


a thermal unnecessary. 


steel 


The | 


only exception to this is over the top | 


of the reactor where a 

umbrella”? covers most of the core to 
remove the thermal neutrons streaming 
from the ends of the fuel channels. 


selow the reactor this is not necessary 
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Burnup (Mwd / tonne) 


FIG. 3. Long-term reactivity variations as 
function of irradiation for point in reactor 


because of the large masses of steel pres- 
ent in the reactor support structure. 


Reactivity Changes 


Despite the fact that the lattice di- 
mensions were fixed with little regard 
for the conversion ratio, it turned out 
to be satisfactory, with the initial 
value being 0.825. Using this figure, 
and the cross sections appropriate to 
the reactor neutron spectrum and op- 
erating conditions, the long-term reac- 
tivity variation as a function of irradi- 
ation fora point in the reactor has been 
computed and is shown in Fig. 3.* 

From this point-reactivity curve, a 
channel-reactivity curve can be con- 
structed if allowance is made for the 
cosine variation of flux along the chan- 
nel and if the appropriate statistical 
weighting is used. The reactivity 
changes for the reactor as a whole 
depend both on the radial flux dis- 
tribution and on the fuel-cycling system 
adopted. 

If a bulk-discharge fuel-cycling 
scheme were adopted, the fuel burnup 
would be 1,900 Mwd/tonne in the 
unflattened zone and 2,700 Mwd/tonne 
in the flattened zone of the reactor. 
(The increase in irradiation in the 
flattened zone corresponds to the re- 
moval of the steel flattening bars during 
irradiation.) The mean irradiation re- 
ceived would be ~ 2,100 Mwd/tonne. 

In practice, this burnup can be 
greatly increased by either or both of 
two other fuel-cycling schemes that are 
made possible by the engineering de- 
sign of the refueling machine. This 
machine operates from a chamber 


* More recent data show that the original 
calculations (and the figures quoted in Table 
2) were overly pessimistic and that excess 
reactivity will be available at startup. 
Engineering design considerations lead to 
the use of this reactivity to increase burnup 
rather than to seek a further increase in 
flattening the heat flux. 
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under the reactor (see Fig. 1) and can 
replace fuel elements while the reactor 
is under pressure and at full power. 
The first fuel-cycling scheme would 
be to use the so-called “continuous” 
method of charge and discharge. 
With this method, instead of the bulk 
discharge of fuel carried out at Calder 
Hall, a few channels would be changed 
every day so that burnup would be 
continuously distributed. With this 
method, the positive reactivity change 
of the lightly irradiated channels could 
be used to balance the negative con- 
tributions of the more highly irradiated 
and a considerable increase 
in irradiation time would be obtained. 
The other scheme would be to carry 
out “axial inversion” of the fuel ele- 
channel. In this 
would 


channels, 


ments within a 
process the refueling machine 
ove the elements from a channel 
| replace them with the bottom set 
top of the 
the original order of fuel ele- 
nts 1, 2. 3, 4, 5, 6, 7, 8, 9, 10 becomes 
9, 10, 1, 2, 3, 4, 5). The least 

liated elements would then be 
enter of the channel with the 
depleted elements at the ends. 
result would be a further gain in 
idiation of 400-800 Mwd/tonne, de- 
ding on the time at which the 

eme was carried out. 


channel and vice 


‘o even out the burnup, and to avoid 
juiring an irradiation that, from the 
illurgical viewpoint, would be ex- 
radial movement of the fuel 
| be carried out by the refueling 
nachine so that fuel elements in the 
-in.-diameter channels start their 
life in the unflattened region of the 
reactor and finish in the flattened zone. 
By carrying out the radial movement 
it the same time as the axial inversion, 
the number of operations by the ma- 
chine would not be increased. 

Over the reactor’s lifetime, the mean 
irradiation of the fuel would not be as 
high as that of the fuel discharged dur- 
ing the continuous cycling scheme be- 
cause of the time taken at the beginning 
to reach this cycling state and because 
there is unspent fuel at the end. 
20-yr life, the 
> 3,500 
with higher burnups for 
With present ura- 


Nevertheless, over a 
iverage irradiation would be 
Viwd/tonne, 
longer lifetimes. 
nium prices, this corresponds to a net 
ost of <2 mills/kwh. 
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high vacuum 
components / 


Stokes ST gate type high vacuum 
valves are available for manual 
or air operation. Straight through 
openings provide maximum 
conductance. Small installation 
space required . . . can be mounted 
in any position. Flanges are 
standard ASA dimensions. Each 
valve is helium leak tested with 
mass spectrometer. Manual and 
air operated types in 2-, 3-, 4-, 
and 6-inch sizes—air operated 
only in 8-inch sizes and over. 


. makes a complete line 
of vacuum components 
advance-designed and engi- 
neered to help make your vac- 
uum systems more productive. 
Each unit reflects Stokes’ un- 
paralleled experience, pioneering 
leadership and wealth of basic 
vacuum technology. 


The product list includes: Dif- 
fusion Pumps, Vapor Booster 
Pumps, Mechanical Pumps, 
Mechanical Booster Pumps, 
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REACTOR ROUNDTABLE 


or 


A discussion place 


for new reactor ideas 


Reactor Roundtable, a new feature in our Nuclear Engineering de- 


partment, is devoted to ideas for new kinds of reactors. 


Such ideas 


are almost as numerous as reactor designers and invariably in- 


geneous, but often the inventor has not been in a position to make a 


really thorough evaluation of the reactor concept. 


Now this depart- 


ment can provide a forum by drawing on the wealth of engineering 


knowledge available among our readers to provide comments and 


criticism of these new ideas. 


We invite you to send your comments 


in the form of letters to the Reactor Roundtable Editor. 


Temperature-Zoned Reactor 


By F. H. CLARK and C. N. KLAHR 


Technical Research Group, New York, 


The temperature-zoned reactor sys- 
tem attempts to 
power economics by supplying reactor 
heat at two different temperatures. 
In this way the requirements of the 


improve nuclear- 


steam cycle for high temperature can 
be met without the waste of producing 
all of the reactor heat at the same high 
temperature. The reactor 
Fig. 1) consists of two zones that are 
neutron-coupled but isolated in tem- 
perature from each other. The higher- 
temperature zone produces a relatively 
small fraction of the total heat. This 
high-temperature heat is used to super- 
heat steam produced by the lower-tem- 


core (see 


New ) ork 


the other zone. 


coolant 


perature heat from 
Note that 


are used for each zone; the high-tem- 


separate streams 


perature coolant stream delivers its 
heat to the superheater and the low- 
temperature coolant stream delivers 
its heat to the boiler. 

The economic advantages of such a 
design are based on two important ob- 
servations: First, the amount of high- 
temperature heat required when water 
is the working fluid in the electrical 
generating system is relatively small. 
Since water has such a high heat of 
vaporization, in a reasonably efficient 
superheated-steam system a major part 


Steam 
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Reactor 








Flow diagram for temperature-zoned reactor power plant 
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of the heat output goes into boiling the | 
water so that the amount of heat used | 
at high temperatures for superheating | 
is a small fraction of the total. Sec-| 
ond, high-temperature heat is more | 
expensive to produce from a_reac-| 
tor than low-temperature heat. High- | 
temperature reactor-core materials gen- 
erally are more wasteful of neutrons 
and more expensive to fabricate: sys- 
tem plumbing and components must 


operate at higher pressures and there- 
fore are more costly. 

Thus, instead of designing the whole | 
core to operate at superheat tempera- | 


tures, it may make sense economically | 


to separate the core into two regions, 
one producing heat at high tempera- 
tures and the other at low tempera- 


tures. 
A key feature of the temperature- 
zoned design is the use of separate 





coolant streams* (see Fig. 1) as opposed 

to a double-pass single-coolant stream. sd s 

It can be readily shown that separate fi ( 0) MN i ral C\a\ 
primary-coolant streams require less 

high-temperature heat to achieve the 

same steam cycle conditions than a 


a _ 
single primary-coolant stream in 
system containing two heat sources at [| a I] | 18S 
different temperatures. 


In the two-zone separately cooled 
system, reactor and coolant-flow con- 
trol must be good enough to maintain 
the desired balance of power genera- 


: ; » Michi ; mn 
ation and heat removal between the Metallurgists, Nuclear Engineers: Michigan Chemical can no 


supply ingots of Gadolinium, Yttrium, Dysprosium, and Erbium 
metals in substantial poundages for use in nuclear control rod, 
Designs Studied shielding, or alloy system applications. 


two zones. 


Two temperature-zoned reactor ap- 





plications have been studied: (1) A MELTING BOILING — DENSITY THERMAL-NEUTRON 
Calder Hall type modified to produce POINT POINT® asoun GRAMS/CUBIC CROSS-SECTION 


. ° ° NTIMETER BARNS 
high-temperature heat with conven- . . a _ ' / 





tional materials while retaining natural 1552 3300 1.81 447 1.38 


ote cages" é ankle OM 
uranium as fuel. (2) Pre ssurized 1350 3000 18 7.87 46,000 
water types operating at either lower 1400 2600 7 2.36 1,100 


pressure or higher power density 
1500-1550 2900 1.75 9.06 166 























than conventional designs. 
Calder Hall type. The Calder Hall * Estimated 


type temperature-zoned reactor con- 
sists of four cylindrical regions plus a Discuss with us availability and prices on commercial quantities. 


graphite reflector on top and bottom. This will permit you to analyze the economic and technological 
The innermost region is a low-tempera- advantages of rare earth metals versus other metals — for ex- 
ture gas-cooled region, containing a ample, Gadolinium versus Hafnium in nuclear control. This will 
graphite matrix with natural-uranium also permit the evaluation of special alloy systems such as Gado- 
fuel elements and magnesium-alloy linium in stainless steel. 





cladding, similar to the fuel elements 
used in the Calder Hall plant. The| 
magnesium cladding limits the coolant | 
temperature to a 700° F maximum. RARE EARTHS AND THORIUM DIVISION 
This region has a kj > 1 after full| 
allowance for equilibrium xenon and | MICHIGAN CHEMICAL CORPORATION 
temperature effects. (continued, p 116) | 582 North Bankson Street, Saint Louis, Michigan 
- *Reg. U.S. Pot. Off 

«The same kind of coolant is used, how- | SAMARIUM— EUROPIUM — GADOLINIUM — TERBIUM — DY SPROSIUM— HOLMIUM— ERBIUM— 

ver, in each coolant stream. THULIUM— YTTERBIUM — LUTETIUM— YTTRIUM 
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At Bettis Atomic Power Division scientists in related fields often meet for discussion 
on various topics pertinent to the advancement of nuclear power technology. 
It is men like these who will one day give the world complete power over the atom. 


One of these discussions led by Dr. R. S. Varga centered around a lemma 
proved by Stieltjes in 1887 which states that: “If the elements off the principal 
diagonal of the (symmetric) matrix of a positive definite quadratic form 

are all negative, then all the elements of the inverse of that matrix are positive.” 


Realizing the relevance of Stieltjes’ lemma to nuclear power technology, 
Dr. Varga obtained several necessary and sufficient conditions that the inverse 
of a matrix has positive elements. He then established that the elliptic partial 

. - —- > —- =®, 
differential equation - V + [DAV ex] + Z(x)y(x) = S(x), arising 
naturally in multigroup diffusion problems, is numerically approximated by the 
matrix equation A x = k, where the matrix A satisfies one of the sufficient 

= 

conditions above. Hence, if k, a vector related to the source S(x), 


is non-negative, then the solution of the above matrix equation is a positive vector. 


the 
solution 
was — 
positive 
vector 


A typical discussion 
period attended by 
(left to right! 

Mr. G. G. Bilodeau 
Or. RS. Vargo 

Or J. Spanier 


Dr. Varga’s calculations proved sound and the above fact has since been 
incorporated into a Bettis production code as an internal check. Dr. Varga and 
the other men who took part in this particular discussion typify the scientists who 
make up Bettis. Could you have added something to this discussion or to 

one like it dealing with Physics, Metallurgy, or Nuclear Engineering? 

If your answer is yes; if you are a U.S. Citizen with a Ph.D. or the equivalent 
experience and would like to participate in the development of nuclear power, 
send your resume to: Mr. M. J. Downey, Dept. +A-47, Bettis Atomic Power Division, 
Westinghouse Electric Corp., Box 1468, Pittsburgh 30, Pa. 


BETTIS ATOMIC POWER DIVISION 





Westinghouse 


BETTER YOUR FUTURE AT BETTIS 
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The second region is a thin annular 
region of pure graphite surrounding 
the first region. 

Next is a high-temperature gas- 
cooled annular region, consisting of a 
graphite matrix with uranium-oxide 
ceramic fuel elements, clad with stain- 
less steel. This region will have a k. 
substantially less than unity under 
operating conditions. The chain re- 
action in this region would not be self- 
perpetuating and is maintained by 
leakage of excess neutrons from the 
low temperature region. The outer- 
most region is a  pure-graphite-re- 
flector annulus. 

Flux and power calculations* for a 
simplified version of this reactor (with 
region 2 omitted) showed that 15% 
of the total heat would be produced in 
the high-temperature zone. (A more 
refined design could substantially in- 
crease this figure.) This would permit 
a steam cycle with steam-superheat 
temperature to about 850° F and a 
gross thermal efficiency of 39% on the 
basis of a simple Rankine cycle. A 
comparable efficiency in a conventional 
Calder Hall type reactor with maxi- 
mum steam superheat temperature of 
650° F is about 31%. 

About 20% of the gross efficiency 
will disappear in turbine and generator 
losses, and about 10% will be required 
for gas-coolant pumping power. 

Modern conventional power-plant 
cycles are more efficient than the Calder 
Hall thermodynamic cycle is. How- 
ever, these cycles, which include regene- 
rative heating of feedwater, multiple 
pressures and reheat, are not compatible 
witha 15%superheat ratio. Forexam- 

a 400° F feedwater temperature 
cannot be obtained by regenerative re- 
heating unless the superheat ratio is 
about 40%. Such a ratio is possible 
with enriched fuel but not with natural- 
uranium fuel. We estimate that an 
optimized design for an unenriched 
temperature-zoned Calder Hall type 
reactor would supply up to 25% of the 
heat at high temperatures. This would 
permit fairly efficient regenerative re- 
heating cycles. 

PWRtype. Theconventional PWR- 
type design with a coolant exit temper- 
ature of 540° F (working-fluid maxi- 
mum temperature about 500° F) 
requires an external pressure vessel 


*In this calculation k. for the low-tem- 
perature zone was taken to be 1.023, for 
the high-temperature zone 0.95. 
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rated at 2,000 psi. This is one of the 
important cost elements of the reactor. 
In a two-zone design this disadvantage 
could be eliminated as follows: One 
has a small inner zone taking about 14 
the total volume and surrounded by an 
internal pressure shell rated at 1,400 
psi and made of a structural material 
with low neutron absorption, a zircon- 
ium alloy for example; then an outer 
zone comprising 44 the volume sur- 
rounded by a 600-psi pressure shell. 
Radiation damage of the internal pres- 
sure shell would probably be the most 
development problem in 
this design. The 350° F (saturation 
temperature corresponding to 600 psi) 
pressurized water from the outer zone 
would be used to boil the working 
fluid. The 540° F pressurized water 
from the inner zone would be used to 


important 


superheat the steam. 

This design would have a somewhat 
lower thermal efficiency than the con- 
ventional PWR type because of the 
lower coolantinlet temperature. How- 
ever, it would replace the large 2,000- 
psi external pressure vessel with two 
less expensive pressure vessels. The 
design would also have a considerable 
A rupture of the 
external pressure shell is much less 
likely for a 600-psi vessel than for a 
2,000-psi pressure shell, and a rupture 
of the inner pressure vessel would have 
the blast contained within the reactor 
The economic ad- 


advantage in safety. 


to a large extent. 
vantage for this design would be the 
savings on the pressure shell minus 
the cost of a superheater, plus the 
savings in safety features (i.e., under- 
and extra blast 
loss in thermal 


ground installation 


protection), minus 
efficiency. 
An alternative PWR type would use 


the two temperature zones to increase 
the total power output for a given 
reactor size. The fuel elements in the 
low-temperature zone of the reactor 
would operate with a film drop of 120° 
F in the coolant instead of a 60° F 
film drop (as in conventional designs), 
thus doubling the heat-transfer rate. 
However to do this both coolant inlet 
and outlet temperatures must be 
reduced so that, if no high tempera- 
ture region were used, the added power 
would result in a much lower thermal 
efficiency. A central high temperature 
region with its own coolant stream and 
a separate superheater could raise 
the working fluid temperature to 
500° F as in the conventional PWR. 
There would still be a slight decrease 
in thermal efficiency due to the lower 
coolant inlet temperature, but in 
compensation the proposed two-zone 
system would roughly double the 
power density in the reactor.* 

This PWR design would retain the 
2,000-psi external pressure shell and 
would include an internal divider of 
insulating material (carbon with stain- 
less-steel cladding, for example) be- 
tween inner and outer regions. 

Note that this design retains the 
same pressure in both but 
operates the coolant of each region at 
a different temperature. 


regions, 


® Besides transfer rate, 
two other possible limitations on 
output: (1) the internal temperature of the 
and (2) the maximum eco- 
speed. In some con- 
ventional PWR designs neither of these 
limitations is important. The fuel-element 
temperature is much below its upper limit 
and would still be below this limit if the 
power density were doubled. The pumping 
speed is often given as 15 ft/see and could 
sec without excessive 


there are 
power 


heat 


fuel element 
nomical pumping 


be increased to 30 ft 
pumping costs. 





Rickover on Reactors, Real and Otherwise 


4 new concept generally describes 
a plant with the following character- 


istics: 


lL. i 
2. It 
3. It 
4. It 


5. It can be built very quickly. 


is simple. 
is small. 
is cheap. 


is light. 


6. Very little development is re- 


quired. It will use mostly ‘‘off-the- 
shelf’ components. 
7. The reactor plant is in the study 


phase; it is not being built now. 


On the other hand, a real reactor 
plant can be distinguished by the fol- 
lowing characteristics: 


It is being built now. 


1. 

2. It is behind schedule. 
3. It is 

amount of development on appar- 


requiring an immense 
ently trivial items. 

4. It takes a long time to build be- 
cause of the engineering develop- 
ment problems. 

5. It is large. 

6. It is complicated. 

7. It is heavy. 


From a paper by H. G. Rickover, et. al., Annual Meeting, Society of Naval Architects 


and Marine Engineers.) 
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radioactive isotopes. Sturdy 14- 
gauge stainless steel, round corner 
construction provides long life 
. . . easy cleaning and decontam- 
ination. Send for Technical Bul- 
letin E-3. S. Blickman, Inc., 7905 
Gregory Avenue, Weehawken, N.J. 
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June 9-13. 
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Polyvinyl Chloride—New High-Level Dosimeter 


By CHARLES ARTANDI and A. A. STONEHILL 


Ethicon, Inc., Somerville, New Jerse 


Polyvinyl-chloride film has been 
found to be a good dosimeter for elec- 
tron doses in the 0.5-6-megarad rang: 
It turns amber in color and a measure- 
ment of optical density indicates the 
absorbed dose within ~8%. Figure 1 
is a photograph of several exposed 
The film makes a cheap, sim- 
ple, accurate and permanent dosimeter. 
After proper 
equally good for gamma-ray dose 

We have used rigid nonplasticized 
film. 
chloride film is not suitable, 
the plasticizer absorbs enough energy 
to prevent color formation. 

A delay period for color development 
must be allowed after exposure. At 
room temperature optical density in- 
creases rapidly for three days and 
afterward at a much slower 
rate. However, when the 
slides are stored at 120° F 
velopment proceeds more rapidly and 
full intensity is attained at the end of 
4 hr (Fig. 2). 

Standard curve. 
in l-megarad increments are used to 
prepare a standard dose curve (Fig. 3). 
It is then a.simple matter to check the 
dose of any subsequent irradiation by 
determining the optical density of an 
exposed slide and reading the corre- 
The fol- 
lowing equation expresses dose in the 
straight portion 


slides. 


standardization it is 


Ordinary plasticized polyviny]- 


because 


unlorm 
irradiated 


color cle - 


Slides irradiated 


sponding dose on the curve. 


dose(megareps) 


optical density 
= log{ - 
0.034 


It is important to keep the same sup- 
ply of film throughout the experiments 
and to develop the color under stand- 
ardized conditions (120° F, 4 hr). 
Otherwise the standard curve 
change due to differences in composi- 
tion or treatment. Composition dif- 


118 


will 


/ 


FIG. 1. 


storage at 120° F 


ferences within the same are 
negligible. 
Accuracy. 


known doses are used as color stand- 


supply 
If slides irradiated with 


ards, 0.5-megarad differences can easily 
be detected by visual comparison of 
known to unknown. Spectrophotome- 
ter readings will show up differences as 
small as 0.1 megarad. Repeated ex- 
posures to the same dose in a single 
exposure or multiple exposures agree 
within +8%. 
Mechanism 


In our opinion the mechanism of dis- 
coloration of irradiated high polymers 
different that of 
The discoloration of 


is somewhat from 
irradiated glass. 
glass is reversible while that of high 
polymers is not. Heat and prolonged 
storage or the combination of these will 
actually increase the optical density 
of irradiated polymers instead of reduc- 
ing it as in glass. 

Various types of glass discolor with 
irradiation. The color change can be 
explained by color-center formation. 
Electrons ejected by ionizing radiation 
are trapped at lattice vacancies (F cen- 
causing an absorption in the 

band (1). With at 


ters) 


visible storage 





Polyvinyl-chloride films exposed to high-energy electrons show increasing 
darkening with absorbed dose up to 6 megarad. 


Result is permanent after 4-hr 


room temperature in ordinary light this 
color fades gradually. Exposure to 
heat or ultraviolet light accelerates the 
fading. 
Discoloration. 
discolor with irradiation, but some do 


Some high polymers 


not. Polyethylene, polystyrene, poly- 


methylmethacrylate irradiated to sev- 


2 3 4 5 6 
Time after Irradiation (hr) 


FIG. 2. After exposure optical density 
increases to saturation value. Opti- 
cal density is log of reciprocal of 
fractional transmittance. Parameter la- 
beling curves is exposure in megareps, 
rep being defined as 93 erg/gm ab- 
sorbed in slides 
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PARTICLE ACCELERATORS 


in Nuclear Physics, 
Chemistry, and 


A 10-Mev Tandem Van de Graaff® Positive- 
ion Accelerator, Model EN. Designed for nucle- 
ar research at the Chalk River establishment of 
Atomic Energy of Canada Limited, this is the first 
of three high-energy machines being built by HIGH 
VoLTaGE for installation in various parts of North 
America. Withi-this new design, physicists will, for 
the first time, be able to explore with precision 
the binding-energy physics of higher atomic numbers. 


Gy 
= 
3 


Van de Graaff® 


Model AK-N > 


This versatile 

research package is providing 
the basis for nuclear research projects g 
in all parts of the world. 


Van de Graaff 
Model CN 

This machine, widely 
used for neutron cross- 
section studies and 
nuclear-energy-level de- 
terminations, will be 
displayed at the Second 
international Exhibition 
of the Peaceful Uses of 
Atomic Energy, in Ge- 
neva, Switzerland. 





Write for a copy of our new 
general catalog, or ask for 
informative reprints in your 
field of interest. 
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0.25-Mev Van de Graaff®, Model PN-250 
The most recent development in particle accelerators, 


this new, low-energy machine 
is designed as a pulsed-neutron 
source for use with subcritical 
assemblies in reactor research 
and teaching. 


Van de Graaffs 
| 1 Mev - Model JN 


Economical neutron source for 
reactor research 


Simplified electron source for transistor 
and crystal research 


|2 Mev Model AK-N | 


Precise, multiple-purpose instrument for 
general physics research and teaching 


_2 Mev Model AK-S 


Moderate-power electron source for 
quantitive radiation research 


Powerful neutron source and effective 
instrument for binding-energy physics 


5.5 Mev- Model CN 
aed | Mev - Mod 

ideal positive-ion accelerator for 
broad-range nuclear research programs 


New, precise, high-energy, tandem 
accelerator for binding-energy 
investigation of heavy nuclei 
Electron 
50 Mev Linacs 


A series of high-energy, high-powered 
electron accelerators for research and 
production 
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z 4 5 


Dose (megarads 


FIG, 3. Optical density is linear func- 
tion of dose in 1.1—5-megarad range. 
Usable range is 0.5 to 6.5 Mrad 


eral megareps show little 
coloration, while polyviny! chloride 
polyvinylidene chloride discolor gre: 
(2). The hue generally changes fron 
colorless through yellow to amber d 
pending on the amount of ionization 
produced by the radiation sources 

The discoloration of irradiated hig] 
polymers has been attributed to a 
mechanism similar to that of glass (2 
lattice 
form the 


Most electrons ejected from 
forming ions recombine to 
normal ions of the lattice, but some 
electrons are trapped at imperfections 
The result is F-center formation and 
color development. 
Other effects. Se 


occur simultaneously 


eral other effects 
with the dis- 
take 


coloration and may part in the 


process. It is known that gas libera- 


Optical Density 


Useful 
penetration 


iO 15 20 25 
Slide Number 


FIG. 4. Depth-dose curve shows optical 
densities of succeeding 3 X 1 X 0.10-in. 
polyvinyl-chloride slides in stack. Ir- 
radiation was to surface dose of 3.2 
megarad with 2.1-Mev Van de Graaff 
electrons. Optical density was read at 
\ = 4,000 angstroms. Slides have a 
density of 1.38 gm/cm* 


120 


tion, double-bond and free-radical for- 
mation, oxidation, crosslinking, poly- 
merization and degradation take plac« 
(3). Physical and crystallographical 
changes also occur. 

When halogen-containing high poly- 
mers are irradiated, halogen or hydro- 
gen halide is formed as a breakdown 
product. 
hydrogen halide liberated is propor- 
tional to the 
within 


The amount of halogen or 


amount of ionization 


certain limits. In polyvinyl! 
evolution 


This 


leaves double bonds behind. 


chloride, irradiation 


causes 
ot hydrogen chloride process 
Some of 
these double bonds are probably con- 


jugated. 


Other Dosimetry 


There are other known dosimeters in 
the megarep Some investiga- 
the 
chloride for measuring the amount of 
Henley and Miller 
incorporate a pH-sensitive dye into 
The hy- 


drogen chloride produced by irradia- 


range. 


tors use evolution of hydrogen 


ionization (4, 4). 
polyvinyl-chloride film (6 


tion changes the color of the dye. 
Silver-activated phosphate glass is a 
good personnel dosimeter, but in the 
megarad region its value is reduced by 
the nonlinear and decreasing dose 
response, and fading problems (7-9). 
Blue cellophane is an accurate dosime- 
One 


drawback is that the color change is 


ter in the megarad range (1/0). 


not visible; optical density instruments 
have to be used. Moreover variations 
in thickness and dye dispersion require 
optical-density readings in the same 
alter 
Double readings make the process in- 


spot before and irradiation. 
volved, but it is excellent for standardi- 
zation work. 
Photographie print-out paper has 
been proposed as a dosimeter (1/1) 
For accurate reading, it requires the 
use of instruments because visual accu- 
racy is only about +30%. Another 
drawback is that the dose rate cannot 
10° r 


slow for electron accelerators. 


be more than min, which is too 


Experiments 

In our early work with pharmaceu- 
tical sterilization by high-energy elec- 
trons in May, 1954, we noticed that 
rigid nonplasticized polyvinyl-chloride 
film developed a greenish coloration 
after irradiation. The color gradually 
changed to We 
study the factors influencing the color 


amber. began to 
change using a Van de Graaff 2-Mey 
ac celerator. 

calculated 
and 


Calibrating doses were 


from meter readings of voltage 


current in accordance with the manu- 
facturer’s instructions. Uniformity of 
the scan width and reproducibility of 
dose was also tested with blue cello- 
phane dosimeters. Figure 4 is a depth- 
dose curve made by irradiating a stack 
of films and then reading each one. 
Response and color development. 
Dose response and maximum color de- 
velopment were determined with 1 
2-in. slides cut from 10-mil rigid poly- 
slides 


vinyl-chloride film. Individual 


were irradiated to doses at 1-megarad 
6 megarad., 
irradiation, the 
Beckman 


optical 


increments in the range of | 
after 
inserted in a 
and the 
1,000 angstroms. 


Immediately 
slides were 
spectrophotometer 
at » 
Readings were repeated daily for 
Later 
observed at 


density read 
period of two weeks. a faster 
color development was 
elevated temperatures 
Films. Rigid polyviny! chloride is a 
copolymer of about 90% vinyl] chloride 
and 10% 
the film 
stabilizer. 


vinyl acetate. In addition 


contains a small amount of 
The film 
periment was of press-polished type in 
0.010-in. thickness. It originated from 
Bakelite Company (VSA 3310 Clear 
21, Gloss 0-3 0.010 in.) but is com- 
nercially available from plastic supply 
The 3 X 1 X 0.010-in. slides 
cost about 0.4 cents each. 


used in our ex- 


hous 4 


* 


The authors acknowledge the valuable help 
of R. Hone and I V edell 


adiations and of W. Van 


in carrying out the 
Winkle, Jr. in 
sragement and valuable « 
Bakelite 
polyvinyl-chloride 


his enco wticism., 


They are 


many fo 


also grateful to the Com- 


providing jim 


1 to the Du Pont ¢ ompany for blue cello- 
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APPLIED RADIATION 





Battelle to Catalog Cataloging, evaluating, and disseminating informa- 
Radiation Effects tion is the task of a newly founded Radiation Effects 
Information Center at Battelle Memorial Institute, 
mbus, Ohio. The center has been established under a contract with the Air 
ree primarily for the purposes of the Air Force and its contractors. However, 
the plan to extend its services to other government agencies and their 
ontractors. 
Radiation effects is a big subject including such studies as damage to mate- 
hemical catalysis, food preservation, dosimetry, etc. Size and variety of 
ld and the barriers of company and military security restrictions lead to 
p and duplication of effort. One of the purposes of the REIC is to counter- 
this tendency, and it is likely that all radiation-effects programs will 
enefit. 
Purposes. Primary concern of the REIC is gamma and neutron effects in 
terials in nuclear-powered aircraft outside the reactor and the crew compart- 
Five specific objectives have been defined in an effort to make the Air 
radiation program as productive as possible. Data will be collected from 
terature, the Air Force and its contractors, research and development re- 
orts from other government agencies, and personal interviews with researchers. 
bstracts will be prepared by using direct quotations from the references and 
vith multiple-listing techniques so that a researcher will find any reference 
key words. These key words are selected by underlining in the prepared 
stract 
This only starts the iob; the REIC is intended to be much more than a library. 
mation will be critically evaluated and then disseminated in formal reports, 
il memoranda, answers to inquiries, seminars and individual conferences. 
specific areas are presently covered by the REIC. They include (1) 
tronic systems, components, and materials; (2) electrical systems, components 
| materials; (3) hydraulic, pneumatic, and mechanical systems, components, 
materials; (4) polymeric materials; (5) petroleum products and organic 
ils; (6) ceramic materials; (7) metals and alloys: (8) propellants; (9) nu- 
r radiation facilities. 
Personnel. REIC’s organization is such that Battelle’s radiation experts, 
ist of whose time goes to their own experiments, will contribute their talents on 
. part-time basis to interpreting data. Battelle’s several departments will con- 
tribute them for advice and consultation as they are needed. The radiation 
verts will not be burdened with detail. This is handled by information analysts 
rocess data, maintain files and assist visitors. A third group coordinates, 


ises, and provides liaison. 


Cloud Chamber Finds Compress a sample of air; wait for it to come to tem- 

Dewpoints of Gases perature equilibrium with its container; allow it to 

expand suddenly; look for tracks formed by ioniz- 

ng particles supplied by a built-in radium source. This is the principle of the 

Alnor Dewpointer manufactured by Illinois Testing Laboratories of Chicago. 

If 1 don’t see tracks the first time, you compress the next sample a little more 

| go on until you do. From the amount of compression required to produce 

s On expansion you can compute the dewpoint. This new use for the old 

id chamber brings it right back where it started; C. T. R. Wilson originally 
loped it in 1895 for the purpose of studying cloud formation. 


Co’” Label Proves Do you want to develop a better auto wax—or prove 
Auto Wax Quality that you already have done so? One manufacturer 

felt his problem was to prove the pudding. With 
the consultation of a nuclear company he labeled his polish and four competing 
products with cobalt-60 naphthenate that would stay with the solids and indicate 
the thickness of the coating on application and after various kinds of wear—1 me 
it a specific activity of 10 me/gm was dissolved in mineral spirits and added to 
the melted waxes. Three areas of a car were divided into five sections each, 
and each section was polished with one of the test waxes. The car was driven 
across the country, and, sure enough, counting showed that the tester’s wax led 
all the rest. 
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q ways better 


Picker GARDRAY 
radiation badges 


1 wide intensity range 
Records exposures low as 50 mr, 
high as 300,000 mr. 

2 


wide energy range 


Gamma, beta, x-rays (soft and 
hard) single or mixed exposures. 


double-sure identification 


1 code printed on wrapper 
2 x-rayed on film 


no loading or unloading 
Wear badge as received, return 
it intact. 


prompt reporting 
Dependable, easy-to-read, too. 


Wr; 


7 compact, lightweight 


See size above: less than 1 oz. 


attractive, unobtrusive 8 
Clips on firmly, won't catch clothing. 


Te subscribe, call any Picker X-Ray local 
office (see your "phone book) or write te 
Picker X-Ray Corporation, 25 Se. Broadway, 
White Plains, N. Y. 
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AEC Reveals Principles of 
Stellarator, Pyrotron and DCX 


On Friday, May 2nd the AEC lifted the curtain on thermonuclear re- 
searches underway in three of the laboratories that form part of Project 
Sherwood. The occasion was a special session on “Thermonuclear Enter- 
prises” at the 1958 Spring Meeting of the American Physical Society. 

What was provided was a fascinating, if brief, glimpse at the principles of 
the thermonuclear devices being explored at Princeton’s Project Matterhorn, 
Oak Ridge and the University of California’s Livermore Laboratory in talks 


by Lyman Spitzer, Albert Simon and R. F. Post, respectively. 


The three 


approaches differ substantially from the pinch effect and from each other. 
They reveal that there is more than one road to fusion power, though the 
basic elements of magnetic confinement and high temperature operation are 


still mandatory. 


The revelations were not as detailed as those provided in the recent pub- 
lication of material on U. S. and U. K. pinch-effect devices (NU, Feb. ’58, 


p- 90). 


On the other hand they did provide an insight that many had not 


expected before the Geneva Conference, for which meetings complete details 
of the experimental fusion devices are still being withheld. 

Because of the very considerable significance of these developments, 
NUCLEONICS has rushed this preliminary account of the operating princi- 


ples into print. 
an early issue. 


If further details are forthcoming they will be provided in 
When the more complete revelations that are promised for 


the Geneva Conference take place, we will report those too. 


Princeton's Stellarator 


Like all other devices proposed for 
the controlled release of fusion energy, 
the stellarator uses a strong magnetic 
field for holding the heated hydrogen 
gas away from the walls. The unique 
and distinctive feature of the stellara- 
tor is the particular type of magnetic 
field which it utilizes. The hydrogen 
gas in the stellarator is placed in an 
endless tube, and the (longitudinal) 
magnetic field in the tube is produced 
by electric flowing in 
encircling the tube. A configuration 
of this sort must be rather complicated 
heated 
One method involves the use of 


currents coils 


to assure confinement of the 
gas. 
a tube bent into the form of a figure- 
eight, with simple circular coils encir- 
cling the tube and producing the mag- 
netic field. In another method, the 
tube is doughnut shaped, but 
types of external coils are required, an 


two 


outer circular set, and an inner set of 
helically wound This 
method has the advantage that, like the 
stabilized pinch used at Los Alamos, 
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coils. second 


at Berkeley, and in the British Zeta 
experiments, this type of configuration 
tends to be stable against certain types 
of magnetohydrodynamic disturbances. 

In both these methods the magnetic 
field is characterized by “rotational 
transform.” According to this prop- 
erty, a single magnetic line of force, if 
followed along the stellarator tube, 
does not close on itself, but gradually 
rotates around the central line of the 
tube. The rotational transform pro- 
duced by the complex magnetic field 
of the stellarator plays a vital part in 
Detailed 

a stel- 


the operation of the device. 

theoretical studies show that 
larator should be capable of confining 
an ionized gas for the length of time 
needed in a controlled thermonuclear 
reactor. The chief uncertainty in the 
theory is whether the heated gas will 
remain quiet and motionless under 
these conditions, as has been assumed. 
If turbulence, oscillations, and other 
types of unsteadiness appear, the 
magnetic field may not be sufficiently 
effective in confining the gas, which 


will cool off on contact with the wall. 

Methods of heating the gas in a stel- 
larator were also described by Spitzer. 
Two stages of heating appear to be 
necessary. In the first stage, the gas 
is heated up to about one million de- 
grees, by means of an electric current 
flowing through the gas, in the same 
direction as the center line of the tube. 
In this ohmic heating process, the gas 
is heated by the flow 
the same way that a wire is heated 
by a current flowing along it. To 
produce this current through the gas, 
an iron core may be used, encircling 


of current in 


the tube, and current passed through 
an auxiliary winding around the core. 
The stellarator tube then forms the 
secondary of a transformer, and cur- 
rent is induced around the gas in this 
tube. Theoretical calculations on the 
rate of heating achieved in this way 
indicate that temperatures of about a 
million should readily be 
achievable. At higher temperatures 
the resistance of the gas falls to such a 
low value that not much heating can be 
obtained with practical currents. 

To achieve, in a stellarator, the 
100,000,000° temperatures needed for 
a controlled thermonuclear reactor, the 
Princeton group plan to utilize a 
method called ‘‘magnetic pumping.” 
This method consists in using a rapidly 


degrees 


pulsating magnetic field in one section 
of the stellarator tube. The pulsation 
frequency is in the high radio range. 
The most heat is pumped into the gas 
if the pulsation period agrees with one 
of the natural periods of the gas—the 
time between collisions for a single 
particle, or the time required for a par- 
ticle to through the magnetic 
pumping section. 

To permit high temperatures, the 


pass 


gas in a thermonuclear reactor must be 
kept very pure, since impurities cool 
the gas by excessive radiation. To 
enhance the purity of gas in a stellara- 
tor an additional modification of the 
magnetic field, 
is proposed. In 


complex  stellarator 
called a “divertor” 


one short section of the stellarator the 
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magnetic field in the outer regions of 
the tube is directed radially outwards, 
so as to guide the particles out of the 
discharge tube into a separate chamber. 
The purpose of the divertor is to ensure 
that any particles drifting slowly to- 
wards the tube wall will be guided into 
the divertor chamber before they 
strike the wall. Impurities liberated 
by collisions of these particles with the 
wall will then be confined to the di- 
vertor chamber, and will not readily 
make their way back into the main dis- 
charge tube. 


Oak Ridge’s DCX 


The method being pursued at Oak 
Ridge National Laboratory provides 
for a beam of particles accelerated by 
a high-voltage source to be injected 
into a magnetic container for trapping. 

The approach, first advanced by 
John 8. Luce, is to accomplish this ener- 
getic injection and trapping through 
molecular breakup. This procedure 
calls for a high-energy 300-kev molecu- 
lar deuterium ion beam to be injected 
across the magnetic field which serves 
to confine the ions. 

The molecular ion is a charged sys- 
of two deuterium nuclei and 
an electron. Ordinarily, the molecule 
moves in a large circle within the mag- 
netic field and returns to strike the 
source from which it isinjected. How- 
ever, the molecule can be dissociated 
into two particles: a singly-charged 
deuterium ion, and a neutral deuterium 
atom composed of the remaining deu- 
terium nucleus and the electron. 

After dissociation, the neutral atom 
flies out of the system because it no 
longer is contained by the magnetic 
field. The remaining ion, however, 
now circles in a new orbit half the 
radius of the original circle. Thus, if 
the dissociation is accomplished at 
the other edge of the molecular orbit, 
the resultant ion is trapped since 
it does not return to strike the source. 

Dissociation is accomplished, with 
high efficiency, by passing molecular 
ions through an unusual type of elec- 
trical are discharge discovered by Luce. 
The trapped ions circulate in a closed 
circle until they finally are lost from 
the system because of scattering or loss 


tem 


of energy. 

The injection and trapping is into a 
magnetic mirror bottle, such as de- 
scribed by Post (below). This com- 
posite machine is known as DCX (di- 
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rect current experiment). Note that 
the magnetic fields and injected cur- 
rent are not time varying. 

This example has been greatly sim- 
plified, since it envisions trapped par- 
ticles moving in a single organized ring 
current. Actually, these orbits will 
spread out because of energy loss and 
the nonuniform nature of the con- 
fining magnetic field. Trapped-parti- 
cle paths will cross each other, and the 
desired nuclear van then 
occur. 

There are several competing actions 
undesirable to this scheme, one of 
which is charge exchange. If neu- 
tral gas atoms are in the plasma, an 
energetic ion can steal an electron 
from this atom and itself become elec- 
trically neutral. Because this ener- 
getic neutral atom is no longer confined 
by the field, it escapes. As a result, 
the inner system must initially be 
pumped down to very low gas pressures 
to prevent such an energy drain on the 
system. In addition, it may be neces- 
sary to utilize the trapped beam itself 
to further clean up residual gas in the 
container. 

Another competing process to be 
controlled is energy loss to cold parti- 


reactions 


cles which may enter the system. 
At Oak Ridge, research using the 
above-mentioned concepts has been 


underway for some time. Although 
the experimental and theoretical prob- 
lems are difficult and involved, con- 
siderable been made. 
Detailed reports of these results will be 
presented in the future. 


progress has 


Livermore's Mirror Machine 


In its simplest form the mirror ma- 
chine [also called the Pyrotron] con- 
sists of a long straight tube surrounded 
by a set of coils that produce a longi- 
tudinal magnetic field within. At 
either end of the tube the currents in 
the coils are made much stronger and 
the magnetic field is correspondingly 
stronger. Thus the pattern of field 
lines has the general aspect of an 
elongated football. 

The hot plasma is confined in this 
football-shaped region. The uniform 
magnetic field in the middle of the 
machine keeps the plasma from escap- 
ing sidewise to the chamber walls. 
The ‘mirror’ ends reflect particles 
back into the tube and give the device 
its name. 

One of the major problems of the 


machine arises from the deflection of 
plasma particles. Normally particles 
move at right angles to and in a helical 
path along the magnetic lines of force. 
This permits the bunched lines at the 
end to reflect the particles back into 
the tube. However, the particles can 
be deflected by collisions with each 
other so as to travel straight along the 
magnetic field lines without spiraling; 
particles thus directed can easily escape 
through the mirrors. 

One of several ways to combat this 
escape of particles is to make the par- 
ticles very hot. This can be done by 
increasing the strength of the magnetic 
field starting from a low value. This 
then compresses the plasma near the 
middle of the machine and causes it to 
heat up. With the increase of tem- 
perature the rate of fusion increases 
and also fewer undesirable scatterings 
take place. 

In some of the experiments magnetic 
field strength as high as 200,000 gauss 
(corresponding ‘o pressures of ~30,000 
psi) have been used. Heating effects 
from the squeezing of plasmas have 
been observed. 

Stability of the confined plasma— 
one of the most elusive goals in fusion 
research—has thus far been observed 
in the mirror machine. 

“However,” Dr. Post cautions 
‘while the research has been encourag- 
ing neither the experimental nor the 
theoretical work is yet far enough along 
to guarantee that a plasma of the size, 
pressure and temperature required to 
achieve practical amounts of power 
from fusion reactions would be stably 
contained in a simple mirror machine.” 

“The best hope for utilizing the 
simple mirror principle in producing a 
self-sustained reaction probably lies in 
operation at very high kinetic tempera- 
tures, perhaps 10°° C or even higher”’ 
Dr. Post said. “At these tempera- 
tures, particles of the plasma can 
theoretically be reflected back and 
forth between mirrors for hundreds of 
thousands of times before being de- 
flected by collision. Theoretical calcu- 
lations indicate, however, that even at 
these temperatures the margin of 
energy gain compared with energy loss 
to escaping particles is not large. So 
that it would be very advantageous to 
employ additional means for reducing 
energy and particle loss. Such means 
are being studied and show promise 
on theoretical grounds.” 
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An Introduction to Fluid 
Mechanics and Heat Transfer 

By J. M. KAY (Cambridge University Press, 
New York, 1957, xvi + 309 pages, $7.00). 


Reviewed by D. C. Hamitton, Oak 


Ridge, Tennessee. 

This small book is based on lectures 
given in the Imperial College of Science: 
and Technology, University of London. 
The subject matter is less general than 
the title suggests. The book is more 
accurately described as an introduction 
to the fundamental principles of fluid 
mechanics and one specific heat-trans- 
fer phenomenon: single-phasé 

fluids (not including 
Brief chapters are also 


forced 
convection in 
liquid metals). 
included on Diffusion and Mass Trans- 
fer, Solid Particles in Fluid Flow, 
Flow Through Packed Beds and Fluid- 
ized Solids, 
Evaporation. 

The following is from th« 
preface: ‘‘The object has been to cover 


. , 
Condensation and 


and 
iuthor’s 


the more important aspects of fluid 
flow and the transfer of heat and mass 
from the point of view of chemical 
and mechanical 
The main emphasis is on th¢ 
mental principles of fluid mechanics and 
heat transfer . 

From the viewpoint of an 
educated in the United States, 


process engineering. 


funda- 


engineer 
this is a 
most unusual combination of objectives 
to incorporate in a single book. Our 
introductory books written ‘‘from a 
point of view” are usually ‘‘applied”’ 
rather than ‘‘fundamental’’ in flavor. 
This book is most definitely in the 
latter category. The author has in 
cluded only those topics that are, in 
important to 


~ prot ess 


his opinion, 
engineers.”” Accordingly, thermal ra- 
diation is omitted, and such 


conduction, free convection, heat ex- 


topics as 


changers, boiling, condensing and con- 
vection in liquid metals are given only 
brief to superficial treatment. 

Vector notation is used in the formu- 
lation of the basic differential 
tions, Navier-Stokes 
equations of motion for a viscous fluid. 


equa- 


such as the 


These sections are too tersely written 
for the first reading. They are beauti- 
fully done, however, from the point of 
view of a reader who desires a review. 

The book was designed for a highly 
specialized pedagogical purpose. For 
this reason, it is not as generally useful 
to engineers educated in the U. 8S. as 
most books of the same title. 
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An Introduction to Reactor Physics 
By D. J. LITTLER and J. F. RAFFLE (Pergamon 
Press, New York, 1957, x + 208 pages, $5.50). 


Reviewed by ArtTHUR I. BerMAN, Rensse- 
laer Polytechnic Institute, Hartford Gradu- 
ate Div., E. Windsor Hill, Conn 


For the reader who does not intend 
to make the analysis of the physics of 
nuclear reactors his specialty, this book 
serves a particularly useful purpose in 
aiding in the completion of the second 
educational phase. It is a concise, 
analytical treatment of the elements of 
nuclear reactors, which a serious stu- 
dent of any branch of nuclear science 
and engineering ought to have as part 
of his background. The reactor theo- 
retician, however, would find that the 
book barely scratches the surface of his 
storehouse of analytical information 
and technique. 

Although the scope of this small vol- 
ume is wide, it is marked by a clarity 
and ease of reading that provides good 
contact author 
even though the latter’s intimacy with 
limited 


between and reader, 
higher mathematics may be 
Here and there the author expects too 
much—for example, the calculation of 
a neutron’s squared average distance of 
travel as a double summation of scalar 
products of vector displacements (p. 
75) might require a few lines of ex- 
planation for the average reader for 
whom the book is intended. 

Many of the introductory chapters 
on atomic and nuclear physics should 
be regarded as a review of material that 
the reader might well have studied pre- 
viously. It is doubtful if anyone who 
lacks this background could gain more 
than a superficial understanding of 
these subjects from the wealth of ideas 
concentrated in these chapters. How- 
ever, there are many sections in these 
introductory chapters that are far from 
superficial—the treatment of the bind- 
ing energy of the liquid-drop model is 
The remaining chapters of the 
book are concerned with the elements 
of neutron diffusion, critical 
size, calculation of lattice constants, 
pile kinetics and radiation interactions. 

The effectiveness as a text is limited 
by the omission of assigned problems 
and dearth of worked-out examples. 
Aside from these objections the book 
would be a_ useful the 
library of anyone who could benefit 
from a brief and well written introduc- 
tion to the vast field. 


one, 


reactor 


addition to 


Encyclopedia of Physics, Vol. 42, 
Nuclear Reactions Ill 

Edited by S. FLUGGE (Springer-Verlag, 
Berlin, 1957, vii + 626 pages, DM 135). 


Reviewed by I. Hatpern, Department of 


Physics, University of Washington, Seattle, 


Wash 


This book is one of the 54 volumes of 
the revived “Handbuch der Physik,” 
which was originally published a gener- 
ationago. The subtitle of this particu- 
lar volume, “ Nuclear Reactions ITI,” 
is unfortunately somewhat misleading. 
Most of the six articles in the book are 
concerned with problems of the decay 
of excited nuclei rather than with “re- 
actions”’ as the term is usually used. 

Two of the articles deal with nuclear 
properties of the heaviest nuclides. 
One is titled Alpha Radioactivity and 
the other The 
In the first, I. Perlman and J. O. Ras- 
the available data on 


Transuranium Elements. 
mussen record 
decay energies and transition proba- 
They 


discuss the recent developments in the 


bilities in alpha decay. also 
theory of the transition probabilities. 

The article on the transuranics, by 
E. K. Hyde and G. T. 
written in a way that makes it a handy 


Seaborg, was 


reference for the chemical and physical 
properties of these elements. The nu- 
clear properties of the individual nu- 
clides are also neatly recorded with the 
help of many diagrams and tables. 
For example, there are tables giving 
nuclear masses, slow-neutron capture 
and fission cross sections, etc. 

The remaining two articles deal with 
the interpretation of nuclear experi- 
ments on the angular relationships of 
nuclei and their radiations. The longer 
article, by 8S. Devons and L. J. B. Gold- 
farb, is called simply Angular Correla- 
tions. essentially 
theoretical, those topics being treated 
together for which the required mathe- 
matical The 
final article on Oriented Nuclei is by 
R. J. Blin-Stoyle and M. A. 
The authors describe a number of ex- 
periments that make use of the recently 
developed techniques for lining up the 


Its organization is 


formalisms are similar. 


Grace. 


spins of an assembly of nuclei. In 
some of these experiments the nuclei 
are fixed in more or less ordinary mat- 
ter. In others they are traveling to 
or from a nuclear reaction. 

deal of 


something that calls itself an encyclo- 
pedia. It hand, 


One can demand a great 


should, on the one 
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ARCO ion sources accelerate protons, deuterons, tritons, alpha particles and ions of 
heavier gases to generate monoenergetic neutrons varying in energy to 14 Mev. 


Exploded views showing ARCO Penning type ion sources. 
NEUTRON SOU RCES These cold cathode sources operate for hundreds of hours 
without service. 


for 


reactor engineering Models generating from 10° - 10" 
training in nuclear technology neutrons per second available 


nuclear chemistry Modular construction permits ARCO to tailor high 
nuclear physics current positive ion accelerators to the particular 
chemical analysis requirements of individual customers. Available 


models can produce from 10* to 10"* monoenergetic 
neutrons per second, Pulsed yields are several 
times higher. Some units can be expanded at a 

later date if desired. 

Prices start at $25,000. Write for details, Dept. N5. 


PPLIED 
ADIATION 
ORPORATION High energy radiation for research and processing 


Walnut Creek, California, Yellowstone 5-2250, Cable “ARCO” 
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NUCLEAR 


' 
| 


ELECTRONIC 
INEERS 


— 


“Nuclear Electronics” 
is used to describe a new scien- 
tific discipline. One phase of 
this ee is the study of 
problems resulting from the 
deterioration of electronics sys- 
tems exposed to radiation. This 


$ or Physicists... .with 
@ combination of elec- 
tronics ineering and nuclear 
physics equited for this study 
... Shou 


resu 


submit qualification 
jto Mr. J. C. Bailey: 


: 


| 


& 


the West's leader in advanced electronics 


‘ Scientific and Enginetring Staff te d 
RESEARCH & DEVELOPMENT 
LABORATORIGCS = § 


: Culver City, California 
' 
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Department starts on page 124 


serve as a good introduction for begin- 
ners to the various fields it treats; on 
the other hand, it should have suf- 
ficient detail to please the specialists. 
In short it should be both textbook 
and handbook. It seems to me that 
this volume is rather too much hand- 
book. This is in part evident from the 
choice of titles. Each article covers 
a field in which there has been consider- 
able activity since the war. The 
topics correspond much more to types 
of nuclear physicist than to chapter 
headings in a textbook seeking to de- 
velop the basic ideas of nuclear physics. 
The volume differs too little from the 
annual nuclear-physics review volumes 
that are published here and in England. 
It may not have the lasting quality 
that one expects of a good encyclopedia. 

Nevertheless, it must be admitted 
that for the specialist working in 
fields related to those described, this 
book should prove to be extremely 
valuable. 


Radiation Effects in Solids 


By G. J. DIENES and G. H. VINEYARD (inter- 
science Publishers, New York, 1957, viii + 226 
pages, $6.50). 


Reviewed by J. H. Kirrer, Metallurgy 
Div., Argonne National Laboratory, Le- 
mont, Il 

This concise text will be a valuable 
addition to the library of the solid-state 
physicist, whether or not he is directly 
concerned with irradiation studies. It 
will also be of good use to reactor 
metallurgists and engineers who desire 
a better understanding, based on cur- 
thinking, of the 
theories 


fundamental 
that 
account for the 


rent 
mechanisms and have 
been developed to 
changes observed in matter subjected 
to irradiation. The book will not help, 
nor is it intended to, the reactor de- 
signer who must select fuel or struc- 
tural materials, and whose choices are 
largely dictated by the magnitude of 
irradiation effects in the materials of 
interest. 

The authors discuss in the first chap- 
ters the theory of the interaction of 
radiation, with matter, displacement 
production, spike characteristics, and 
basic experiments that have provided 
insight to guide or confirm theoretical 
developments. Next, the nature and 
properties of defects are described, and, 
after discussing the annealing of de- 
fects, this portion of the text concludes 
with an interesting account of the pro- 


cedures used and results obtained in 
annealing the graphite in the Brook- 
haven reactor. Because of the recent 
Windscale incident in the United King- 
dom, this account takes on added inter- 
est. Finally, the 
with a chapter on special topics, such 
effects on 
properties of metals, irradiation growth 


authors conclude 


as irradiation mechanical 
transformations, 
Most of 
the material in this chapter is discussed 
all too briefly, although the authors 
acknowledge that the topics are com- 


of uranium, phase 


solid-state precipitation, etc. 


plex and cannot be treated in a simple 


way. However, should a future re- 
vised edition appear, it is to be hoped 
that this section, which considers the 
more challenging problems, will be 
given a more extended discussion. 

It should be that the 


chapters are concluded with unusually 


mentioned 


extensive bibliographies, ranging from 
about 50 to over 100 references. 


Soviet Education for Science 
and Technology 

By ALEXANDER G. KOROL (Technology Press, 
Massachusetts Institute of Technology, and John 


Wiley & Sons, New York, 1957, xxv + 513 
pages, $8.50). 


Reviewed by Catvin Ports, U. 8. Atomic 
Energy Commission, Washington, D. C. 

Anyone writing on Soviet education 
is faced with difficulties arising from the 
of the Iron Curtain. His 
sources of information are relatively 


existence 


limited, comprising for the most part 
official 
information from people 


Soviet periodicals and a few 
documents; 
who were educated in Russia, but no 
longer resident there; and information 
from people who have visited Russia in 
the last few years, but who have proba- 
bly only seen those particular things 
that the Russians wished them to see. 

Mr. Korol has many factors in his 
Now a U.S. 
born in Russia and received much of 
his education there. He left Russia in 
1920 and completed his education in 
the U. S. In 
played a part in the Harvard Refugee 
Interview Project and has been on the 
research staff at the Center for Inter- 
national Studies at Massachusetts In- 
stitute of This back- 
ground, plus an extensive study of such 
periodical and documentary literature 
provided Mr. Korol 
a good background for writing 
Education for 


flavor. citizen, he was 


recent years, he has 


Technology. 


as exists, has 
with 
“Soviet Science and 
Technology.” 


The first eleven chapters, which com- 
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prise the bulk of the book, are devoted 
to the exposition of the facts of the 
Russian educational and training sys- 
tem. Mr. Korol’s discussion includes 
the 10-year school, technical schools, 
textbooks and 
qualifications of teachers. Although 
there are many tables of data and much 
factual material about Russian educa- 


university curricula, 


tion, Mr. Korol has endeavored, quite 
successfully, to develop this into a 
coherent background. 

The most important part of the book 
is chapter 12 entitled “‘Comments and 
in which Mr. Korol com- 
ments on and highlights the pre- 
ceding text. He points out: ‘‘The 
rationale and aims of Soviet education 
inevitably reflect the basic Communist 
view of society and the place the indi- 


teflections”’ 


vidual occupies in it.” 

The four foundation facts of Soviet 
educational systems are: (1) the pre- 
scription of national maximum admis- 
(2) the assurance that all 
designated vacancies are filled; (3) the 
dictatorship’s capacity to adjust to 
changing circumstances and needs by 
decree; and (4) the unmodified ends of 
Soviet education since the inception of 


sions quotas; 


the regime 40 years ago. 

Because of the difference in aims, 
direct comparison of the U. 8.8. R. and 
U.S. educational systems is most diffi- 
cult. It should be recognized for what 
it is—the attempted comparison of 
facets from two quite different cultures. 
Mr. Korol’s dual background has 
enabled him to avoid the usual pitfall 
of interpreting U.S. 8. R. education in 
terms of U. 8. aims and customs. He 
“We cannot emphasize too 
then, that if we are seeking 


states 
strongly, 
for the deeper meanings of the nature 
of the Soviet educational system as set 
against our own, if we are seeking to 
find in a comparison of the two systems 
a measure of the challenge which con- 
fronts American education, then our 
comparison must be set in the broad 
context of communist and democratic 
objectives in their widest sense.” 


Atomic Energy in Agriculture 


By WILLIAM E. DICK (Philosophical Library, 
New York, 1957, x + 150 pages, $6.00). 


Revit wed by L. E. 
Products Laboratory, The 
Michigan, Ann Arbor, Mich. 


BROWNELL, Fission 
University of 


This book was prepared for the 
general scientific reader by an author 
with experience as an editor of chemical 
journals and as a research biologist. 
The style is that of the popular press 
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rather than the formal style of the| 
scientific writer. The approach is| 
similar to that of the old professor who | 
reviews some new developments for | 
the benefit of a lay audience having | 
some background in general science. | 
The first person is used throughout and | 
the style is often of conversational 
nature. One suspects that much of 
the text was written by oral dictation. | 

The book is based primarily on| 
papers presented at the 1955 Geneva | 
Conference and contains six chapters, | 
the first of which is entitled Remaking | 
Crop Plants with Radiation. This| 
chapter deals, of course, with the pro-| 
duction of mutants with the aid of | 
radiation. A considerable portion of 
the early part of the chapter is devoted 
to a general discussion of genetics that 
is necessary if a reader not familiar | 
with the subject is to understand this | 
use of radiation. The chapter makes | 
interesting reading if one is not familar | 
with the field and is slightly more tech- 
nical than an article on this subject | 
might be if found in ‘‘ Reader’s Digest.” 

The second chapter, entitled Photo-| 
synthesis Tracing the Path of Carbon | 
with Radio-I sotopes, is too short to cover 
the subject adequately. The reader 
is introduced to the subject and then 
shown some illustrations of the com- 
plete photosynthetic carbon cycle, 
chromatograms and a diagram show- 
ing the “Krebs” cycle. These are 
not sufficiently explained to be under- 
stood by a reader not familiar with 
biochemistry. 

Chapter 3, The Path of Other Ele- 
ments, is perhaps the most interesting 
chapter in the book. The author 
spends a number of pages discussing 
the pioneer work of G. deHevesy in 
developing the tracer technique. 
Many articles have been written on the 
subject of tracers but usually little or 
no mention is made of the interesting 
story of the development of this power- 
ful analytical tool. On the other hand, 
the chapter does not include much in- 
formation on the “path of other ele- 
ments”’ phosphorus. A 
brief discussion is presented of the 
interesting application of nutrients in 


except for 


foliar sprays. 

Chapter 4, Radioactive Materials in 
the Fight against Pests, is also a rather 
The author dis- 
cusses tracer techniques in investiga- 
tions of the habits of insect pests and | 


briefly describes the very interesting | 


interesting chapter. 








SCINTILLATION 


PHOSPHORS 


New Shapes 
of things that 


come from Nuclear. 


Spiral Flow 
Detector NE501. 


This mew product opens fresh 
avenves towards simpler and 
more direct methods for scintil- 
lation counting of alphas and 
betas in gas or aqueous solu- 
tions. Fabricated of spirally 
wound thin capillary of our 
plastic phosphor NE102 of 1 
m.m.o.d. this detector can be 
used for in vivo, medical and 
biological studies, and for effi- 
cient detection of micro quan- 
tities of active gases or solutions. 


THIN FILAMENTS OF NE102. 


for image intensification or solid 
scintillation detectors. 


FAST NEUTRON DETECTOR NE404. 


This is a new product and con- 
sists of concentric cylindrical 
annuli of hydrogenous ZnS dis- 
persion separated by annulor 
light guides. 


SLOW NEUTRON DETECTOR 
NE400. 


This boron polyester composi- 
tion is now mounted in a more 
efficient geometry incorporating 
concentric cylindrical grooves for 
improved light collection. 


PLASTIC PHOSPHOR NE102. 


In addition to the new geome- 
tries listed above this efficient 
and proven plastic scintillator is 
available as slabs, sheets, cylin- 
ders and an endless variety of 
special geometries. Unmachined 
ingots can be furnished in 
pound or ton quantities. 


LOADED LIQUID SCINTILLATORS. 


Efficient detectors loaded with 
Gd, Cd, Pb or newly available 
Sm, are available. Also scintillat- 
ing gels and scintillation chemi- 
cals. 


NUCLEAR 


ENTERPRISES 
LTD. 


1750 Pembina Highway 
WINNIPEG 9, CANADA 


experiment with the serew-worm fly | Assetlate Co.: 


on the island of Curacas. 
the use of tracers in studies of the 


Nuclear Enterprises (G. B.) Lid. 


In reviewing | ponkhead Medway, Sighthill, Edinburgh 11, Scotland 
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FROM 

OCEAN DEPTHS 
iit 

OUTER SPACE 





ted 


LEG ELS. 


ITRO’S activities in atomic age technology range from advanced 

underwater weapons to systems engineering for guided missiles . . . 
from uranium mining to the design of complete nuclear facilities . . . 
from ground handling systems to armament in the upper air. 


On land, sea and air—in nuclear energy, weapon systems and 
extractive metallurgy—Vitro’s strength is in its scientific and engineer- 
ing personnel. Its know-how in critical technologies makes it one of 


America’s most advanced corporations. 





@ Research, development, weapon systems 


yj 3K Nuclear and process engineering, design 
* Refinery engineering, design, construction 
S® Uranium mining, milling, and processing 


Ss Thorium, rare earths, and heavy minerals 


CORPORATION OF AMERICA © Recovery of rare metals and fine chemicals 


Ay nircratt components and ordnance systems 


261 Madison Ave., New York 16, N.Y. € Ceramic colors, pigments, and chemicals 
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action of insecticides, the author gives 
a brief discussion including illustrations 
of the principle of the chromatograph. 
Three pages are also devoted to a re- 
view of the direct use of radiation to 
kill insects in cereals and other agricul- 
tural products. 

Chapter 5, Radioactive Tracers and 
Forestry, is short (10 pages) and is de- 
voted primarily to a review of tracer 
studies on graft unions in roots of trees 
and on the spread of fungus disease 
through root grafts. This is probably 
the least interesting chapter to readers 
not particularly concerned about these 
problems in forestry. 

The final chapter, Atomic Radiation 
and Food Preservation, is one of the 
longer chapters. It begins with a good 
discussion of the problem of disposal of 
the waste fission products. This is 
followed by a review of the early 
studies by Proctor, Huber and Hannan 
on preservation of food with ionizing 
radiation. The effects of radiation on 
various biological systems, the question 
of possible induced radioactivity and 
the problem of flavor change are dis- 
cussed. The author makes a mistake 
in listing sterilizing doses for various 
types of food (Table 8) since it is now 
known that much larger doses are 
necessary. 

In conclusion I believe it can be said 
that the book is an entertaining review 
of selected studies on applications of 
nuclear radiations in the field of agricul- 
ture and agricultural products. 


BOOKS RECEIVED 


lonization and Breakdown in Gases, 
by F. Llewellyn-Jones (John Wiley & 
Sons, New York, 1957, 176 pages, 
$3.50). One of Methuen’s Physical 
Monographs, this book for the post- 
graduate research worker gives the 
fundamental physics of electrical break- 
down of gases and recent work in the 
field. It also shows where further data 


are nee ded. 


Advances in Electronics and Electron 
Physics, Vol. 9, edited by L. Marton 
(Academic Press, New York, 1957, 
x + 347 pages, $9.00). In the spirit 
of the International Geophysical Year, 
the editors have adopted a geophysical 
theme for this volume. Contributions 
cover cosmic phenomena, radiowave 
propagation, oceanography, seismology 


and geomagnetism. 
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LETTERS 





Materials Witnesses 
DEAR SIR: 


In the article ‘What Price Nuclear 
Materials?”” by Malcolm F. Judkins 
(NU, Jan. ’58, p. 96) were included, in 
the list of shielding materials, two 
items: lead shot, for which was given a 
cost of 30¢/lb, and lead sheet, at a cost 
lb. 

It would be more accurate if the shot 
were shown at 18¢/lb and sheet at 
18.5¢/lb. These are quantity prices 
f.o.b. point of shipment. 

Lester N. LuKKASON 
National Lead Company 
New York, N. Y. 


of 75¢ 


DEAR SIR: 


[ find that I must disagree with part 
of the section concerning niobium in 
the report ‘‘What Price Reactor 
Materials?” 

The points questioned are these: (1) 


niobium supply—actually both nio-| 
minerals and niobium metal are 


bium 
presently in need of greater markets. 
about 60% of imported ores came from 
Nigeria, not 95%. (3) Outlook for 
reased supply—this is not unfavor- 
Ore reserves have been increased 
tremendously in the past few years. 
Increased production awaits only in- 
markets. (4) AEC require- 
these are really 
pretty much guesswork, and the 1957 
figure should be 15,000 Ib, not 30,000 lb. 
[ offer these comments in a spirit of 
mutual aid and hope that they are of 


2) Nigerian sources—in 1956-7, only 


cre ased 


ments estimates 


interest to you. 
WituramM R. Barton 
Branch of Rare and Precious Metals 
Bureau of Mines 
U. S. Department of the Interior 
Washington, D. C. 





Reprints Available 
20-page April Special Report 
on 
The Significance of 
Shippingport 
plus 
6-page foldout description 
of 


PWR 
$1.00 


Reprint Dept. 


NUCLEONICS 


330 W. 42nd St., New York, N.Y. 
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One of two 41/2 foot thick radiation shielding windows Continental Oil Com- 


pany has in its new hot cell. Hot cell walls are 5'/2 feet thick. Corning engi- 
neered and built the windows ready to install. 


What happens when a new 


hot lab goes window-shopping 


If you’re building a lab for atomic re- 
search, most likely there’s a hole in 
your plans—right in the hot cell wall. 
Here’s how Continental Oil Company 
| found the shielding window just right 
to fill the hole, and how Corning 
helped them do it. 
First Conoco specified the wall thick- 
ness, the energy level, and the desired 
| Viewing area of their new hot cell to 
| Corning engineers. They emphasized 
that they wanted protection; yet they 
| did not want to sacrifice visibility. 
Then Corning engineering took over. 


1. We determined size of the window 
in respect to the viewing area—kept 
size at a practical minimum. No extra 
glass, no extra cost. 


|2. We decided which glasses to use— 
| whether to use one, two, or three of the 
| special glasses we've developed to do 


CORNING 


vf 


the job. Corning glasses give maxi- 
mum visibility. 

3. We determined thickness to give 
Conoco the safety they wanted. Corn- 
ing Code 8362 glass was included—it 
gives more shielding per dollar than 
any other glass. 

4. And finally, we built the window 
and delivered it ready to install. 


Conoco got all they wanted 
and then some. They had a window 
that was clear as crystal, that gave 
them maximum protection, and that 
was, in addition, resistant to radiation 
darkening and was self-recovering. 
And, Corning’s skill with glass has 
developed a permanent glass that poses 
no periodic renewing or replacement 
problems. 

To find out more write for a copy 
of Corning Bulletin PE-51, “Corning 
Radiation Shielding Windows.” 


GLASS WORKS 


16-5 Crystal Street, Corning, N.Y. 
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Fuel Strips for Critical Experiments 
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Cold-Bonded for Ruggedness 


Cold-bonded critical-assembly fuel strips offer complete 
protection at lower cost than hot-bonded elements. Three 
basic steps comprise the patented cold-bonding process: 
cleaning the mating surfaces with high-speed wire brushes 
in a controlled atmosphere; single-pass reduction to form 
a “green” bond; heat treating to convert this temporary 
bond into a strong permanent one that is the equal of 
conventional hot-cladded solid-phase bonds. As shown 
in the figure above, the core is completely framed by 
cladding material. rolling operations can 
bring the bonded strip to the required thickness with a 
minimum of distortion at the ends of the uranium core. 
Available in aluminum, zirconium and their alloys.— 
M & C Nuclear, Inc., P. O. Box 898, Attleboro, Mass. 
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Unbonded for Reprocessing Ease 


Unbonded, but clad, fuel strips offer the advantage of 
economical fabrication and reprocessing while providing 
adequate heat transfer and integrity. As shown in the 
figure, intimate contact between the three mated com- 
ponents is attained by welding the cladding plates around 
the uranium core under vacuum. Atmospheric pressure 
then serves to press the cladding against the foil, assuring 
good heat transfer. A small void space is left at the end 
of the core but this is less than 5% of the theoretical vol- 
Suitable uranium foil for the core and stainless 
Note 
that the uranium core can be relatively easily removed for 
The 


ume, 
steel for the clad can be ordered to specification. 


reprocessing simply by stripping it of its cladding. 
Martin Co., Baltimore, Md. 


Analog Computer 


Model 231-R 
grouping of components that elimi- 
nates patch board clutter and makes 
patching quicker. The patch board 
has 3,450 holes and is so designed that 
it facilitates increased use of bottle 
plugs and shorter patch cords. The 
board is capable of terminating 100 
operational amplifiers and associated 
nonlinear equipment. The 231-R also 


130 


(above) has modular 


provides advances in speed of opera- 
tion with automatic extended readout, 
which permits the entire system to be 
scanned, and values printed, at the 
rate of 200 points per min, and all- 
electronic digital voltmeter and poten- 
tiometer settings.—Electronic Associ- 
ates, Inc., Long Branch, N. J. 


Air Impinger Apparatus 

This is an all glass device used to col- 
lect radioactive particles or dust from 
air for subsequent analysis. It will 
collect all particles larger than 0.5 mi- 
crons.—Gelman Instrument Co., 233 
Jefferson St., Chelsea, Mich. 


Pressure Switch 

Model 575-370 has 
seams and operates at up to 10,000 psi. 
The sensing member has no gaskets, 


heliare welded 


O-rings, or sliding seal and maintains 
its performance characteristics and cali- 
bration at 1,000° F and radiation levels 
of 1.2 X 10° r of gammas and 3.73 
x 10" n/em? (total).—Diaphlex Div., 
Cook Electric Co., 2700 Southport 
Ave., Chicago, Il. 


Telit) ppaccert 


Digital Recorder 


Model 560A (above) is a fast digital 
recorder that prints 11 columns of in- 
formation at up to five prints per sec. 
Although primarily designed to make 
a permanent record of electronic 
counter read-outs, the 560A can be 
used with two or more digital volt- 
meters, time recorders or flowmeters 
simultaneously. In addition to the 
printed tape record, the 560A provides 
an analog current or voltage output to 
drive a galvanometer or potentiometer 
strip chart recorder or to provide servo 
control.—Hewlett-Packard Co., 275 
Page Mill Rd., Palo Alto, Calif. 
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Radio-Survey Meter 


\lodel P-1R (above) combines small, 
lightweight gamma-radiation detector 
with standard transistorized radio re- 
ceiver. General specifications are as 
follows: high-sensitivity detection from 
background to 100 r/hr, logarithmic 
es and_ self-contained ionization 
hamber powered with mercury bat- 
ery capable of at least one-year op- 
ation.—Riggs Nucleonies Co., 1699 

E. Mendocino Ave., Altadena, Calif. 


Wide-Band Amplifier 


\fodel 600 high-gain, wide-band ampli- 
is specifications as follows: band- 
200 cps—50 Me; gain, 40 + 114 db 

matched load); rise time, 10 
maximum pulse duration (10% 
60 usec; pulse delay time, 20 
recovery time (100 times over- 
500 musec; noise figure, ~9 db; 
ontrol range, 20 db; linear range 
gain, ~60 db.—Instruments for 
istry, Inc., 150 Glen Cove Rd., 
la, N. Y. 


Automatic Welding Torch 


Torch and control system (above), de- 
gned to meet the most critical stand- 
ards of thin-gage nuclear fuel-element 
welding, has replaceable torch head, 
rack-and-pinion mounted, with adjust- 
cam-follower guides. Two stand- 

ard voltage-regulated gear-head motors 
drive torch head with standard high- 
sensitivity electronic control. Specifi- 
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*Borg-Warner Corp. T. M. 


3300 NEWPORT BOULEVARD, 


it’s the 
little things 
that count 


B) ELECTRONICS 


Perhaps there is some merit to friend 
Sherman’s method of counting escaping 
neutron and gamma rays. We are cer- 
tainly not going to scoff at what may well 
be experimental originality in the field of 
nuclear research. However, we opine that 
Sherm’s calculations are a bit too extreme. 
Accuracy might better be achieved by one 
of our DETECTOLAB* Nuclear Systems. 

The people at one of America’s great 
nuclear research centers agree. That's 
why reliable DETECTOLAB instrumentation 
has been selected for their new shielding 
research area. The open-tank pool type 
facility is to study the shielding properties 
of materials and configurations exposed to 
radiation resulting from fission of U-235. 

Fast neutron and gamma radiation 
measurement involves DETECTOLAB proton 
recoil and multiple-crystal gamma ray 
spectrometers plus instrumentation to in- 
dicate pool and source-plate temperature, 
pool radioactivity, bridge and tower posi- 
tions, boral curtain position and fission 
plate power. Indication and control will 
be from a central console. 

Our capability to perform well and 
within budget on such interesting applica- 
tions is widely recognized. Write for our 
Application Report and a new short form 
catalog that lists and describes the more 
standard off-the-shelf DerecToLas Nu- 
clear Instruments. We would leap at the 
opportunity to discuss those, or more 
unique products, should you care to 
inquire. 


BJ ELECTRONICS 


BORG-WARNER CORPORATION 


Reliability you can count upon 


P. O. BOX 1679, SANTA ANA, CALIFORNIA 
EXPORT SALES: BORG-WARNER INTERNATIONAL CORP., CHICAGO, ILLINOIS 
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Here’s news about 


RADIATION 
MONITORING 


from Victoreen 


To detect, measure, record or control radiation of almost 
any type or intensity . . . with complete systems to AEC 
specifications—that’s part of Victoreen’s radiation monitor- 
ing story. So no matter what your radiation monitoring prob- 
blem, it will probably pay you to check with Victoreen first. 


area monitoring air particle monitoring 


Portable air particle 
monitoring units to 
latest ORNL specifi- 
cations. » Sea 


Flexible, fully prov- 
en remote area sys- 
tems to AEC require- 
ments for radiation 
monitoring from a e sy te 
io * cotta, 
—_— control cen ee . 


ee 





fission products monitors water monitors 


A reliable monitor- 
ing system based 
on MTR design at 
Idaho Falls for de- 
tection of fission 
product activity in 
coolant stream. 


For monitoring ra- 
dioactive liquids in 
pipes, pools and 
streams or other 
locations. 





Fast and thermal 


os. monitors 


y The Victoreen Instrument Company 


WORLD'S FIRST NUCLEAR COMPANY 


neutron monitoring 
systems designed 
for bulk shielding 
and dosimetry 
studies. 


5806 Hough Avenue 
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gas monitors 


Designed for con- 


tinueus monitoring 


of radioactive stack 
gases. Contains 
built-in alarm sys- 
tem to operate 
external control 
circuits. 


Cleveland 3, Ohio 
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cations are: electrode sizes, 0.040- 
0.25 in.; maximum current, 600 amp; 
maximum rate of vertical travel, 60 in. 
min; maximum rate of horizontal 
travel, 32 in./min. High-frequency 
are starting can be used.—Vacuum 
Specialties Co., Inc., 34 Linden St., 
Somerville, Mass. 


Glove Box 

All-purpose stainless-steel safety en- 
closure (above) features modular con- 
struction. Basic unit is 3614 in. long, 
24 in. high and 28 in. deep and is fab- 
ricated from polished type-304 stain- 
less steel. Hinged safety-glass window 
has Neoprene gasket to provide the re- 
quired close fit and tightness. Each 
unit has 5-in. cup sink fabricated as 
part of bottom tray.—S. Blickman, 
Inc., 8400 Gregory Ave., Weehawken, 


Plug-in Scaler-Ratemeter 

Model PFA-100 (above) can have 
pulse amplifier or linear amplifier and 
single-channel analyzer as input sec- 
tion. Counting unit can be either 


|high-speed decade scaler (choice of 
|100 ke or 1 Me) or wide-range rate- 
meter with aural monitor. Instrument 


includes built-in timer, continuously 
variable voltage for probe with 0.5% 
regulation 500-2,500 v, self-contained 
calibrator and connection for 1-ma pen 
recorder.—Nuclear Electronics Corp., 
2632 W. Cumberland St., Philadelphia 
32, Pa. 


May, 1958 - NUCLEONICS 





Pulse Generator 

Model PPG-256 precision pulse genera- 
tor (above) uses mercury relay for gen- 
eration of positive or negative pulses 
that simulate output of most radiation 
detectors for testing and calibration of 
multichannel pulse height analyzers. 
Tullamore Electronics Laboratory, 605 
S. Ashland Ave., Chicago 36, IIl. 


Footwear Decontaminating Bath 


Ultrasonic footwear decontaminator | » 


above) consists of tank fitted with 
treadle to support weight of user. Cir- 
culation of fresh water to level of 1 in. 
above soles is provided. Optional 
automatic metering device adds ap- 
propriate detergent to bath periodi- 
cally.—Acoustica Associates, Inc., 26 


Windsor Ave., Mineola, L. I., N. Y. 


Vacuum-Casting Furnace 

Four-chamber furnace (above) fea- 
tures mold tunnel for continuous direct 
casting of shapes or ingots under inert- 
gas atmosphere or vacuum. Its ca- 
pacity is up to 5,000 lb. Vacuum lock 
system permits insertion or removal of 
molds without breaking vacuum in 
main furnace chamber. 
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Here’s news about 


REACTOR 
INSTRUMENTS 


from Victoreen 


Reliable, accurate reactor instruments for use as individual 
components in “‘customized”’ systems . . . reactor instruments 
to ORNL specifications, or to your own specialized designs— 
that’s only part of Victoreen’s story. Perhaps best of all is 
that we’re in production and can ship all these and many other 
types. Bring your reactor instrument problems to Victoreen, 
the specialists in reactor instruments and instrumentation. 


SIGMA 
AMPLIFIER 


Model 676 Sigma Amplifier (ORNL 
Spec. Q-947). A safety instrument for 
reactor control which receives and 
transfers output of Period Amplifier 
to Magnet Amplifiers; monitors nevu- 
tron or power level of the reactor. 
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AMPLIFIER 


Model 677 Log N Amplifier (ORNL 
Spec. Q-915) indicates power level 
of reactor. Indicates negative reactor 
periods, infinity to 30 seconds, and 
positive reactor periods, infinity to 3 
seconds. Supplies signal (logarithm 
of power level) to Period Amplifier. 





PERIOD 
AMPLIFIER 


Model 678 Period Amplifier (ORNL 
Spec. Q-1093). Used between Log N 
Amplifier and Sigma Amplifier; shuts 
down reactor and warns operator 
when power or neutron level of 
reactor increases at too great a rate. 


ee ee 


COMPOSITE 
SAFETY 
AMPLIFIER 


Model 738 Composite Safety Ampli- 
fier (ORNL Spec. Q-1565) combines 
Period, Sigma, and Magnet Ampli- 
fiers on one chassis, saving panel 
space and requiring fewer power 
supplies. 





Automatic in- | 


COMPENSATED 


IONIZATION 
CHAMBER 


POWER SUPPLY 


Model 737 Compensated lonization 
Chamber Power Supply (ORNL Spec. 
Q-995) supplies 600 volts, positive, 
and adjustable 75 to 350 volts, nega- 
tive, to chamber, with fail-safe alarm 
for positive voltage supply. 


MAGNET 
AMPLIFIER 


Model 674 Magnet Amplifier (ORNL 
Spec. Q-889) supplies current to elec- 
tromagnets that support shim and 
safety rods; receives signal from 
Sigma Amplifier when power level 
is too high and drops rods to shut 
down the reactor. 


The Victoreen Instrument Company 
5806 Hough Avenue « Cleveland 3, Ohio 


WORLD'S FIRST NUCLEAR COMPANY 





Applied Physics Corp./362 W. Co 


lorado Street/Pasadena/California 


mr 





at the Richfield Laboratories 


Cary 


Model 14: Spectrophotometer enables 


determination of lead concentrations 
to one part per billion 


The destructive effect of lead on the 
activity of costly catalysts makes accu- 
rate determinations of even minute 
amounts extremely important. With 
improved techniques now in use at the 
new Research Laboratories of the Rich- 
field Oil Corporation, Anaheim, Cali- 
fornia, chemists can determine lead 
concentrations in naptha charge stocks 
within one part per billion. 

The conventional dithizone colori- 
metric procedures can be used to esti- 
mate the lead concentration to an 
accuracy of approximately 10 parts per 
billion. A refinement of this procedure, 
employing the Cary Model 14 Recording 
Spectrophotometer, is used to more pre- 
cisely determine the concentration. 

The color intensity of the lead dithi- 
zone solution is measured at 5100 Ang- 
stroms for the unknown sample and for 
two standard solutions whose concentra- 
tions are respectively a little more and a 


little less than the estimated concentra- 
tion of the unknown. By interpolating, 
the analyst can then determine the lead 
concentration of the unknown to an 
accuracy of one part per billion or better. 

In this procedure, the high photomet- 
ric accuracy of the’ Model 14 is of pri- 
mary importance in reliably recording 
the minute differences in absorbance 
values between the sample and stand- 
ards. This high photometric accuracy is 
one of several performance features pro- 
vided in each Cary Recording Spectro- 
photometer to a degree not found in any 
other similar instruments. Perhaps these 
advantages can lead to new break- 
throughs in your analytical techniques. 
Complete information on both Cary 
Spectrophotometers, Model 11 and 
Model 14, is contained in a bulletin 
which is available upon request. Ask for 
Data File K10-58 


BRIEF SPECIFICATIONS OF CARY met (aaa teem 
MODEL 14 


MODEL 11 


RANGE 21008 to s000k 


18604 to 2.6 microns. 





Less than 0.0001% over most of 


STRAY LIGHT working range. 


Less than 0.0001% between 21004 and 
1.8 microns; less than 0.1% at 18604 
and 2.6 microns. 





SCANNING SPEEDS 


From 1.08/sec. to 1258/sec. 


From 0.54/sec to 5008/sec. 





RESOLUTION 


Better than 1.04 throughout range. 


Better than 1.04 U.V.-visible region and 
3.04 near-infrared. 





WAVELENGTH 


ACCURACY visible region. 


Better than 5.04 U.V. region and 10.0A 


Better than 4.0K throughout range. 





Better than 0.5A U.V. region and 3.08 


REPRODUCIBILITY visible region. 


0.5K throughout range. 





PHOTOMETRIC 


REPRODUCIBILITY 0.004 in absorbance. 


0.002 in absorbance. 
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dexing conveyor moves mold carts from 
entrance lock to tilt-pouring position 
in furnace.—Kinney Mfg. Div., The 
New York Air Brake Co., 3529 Wash- 
ington St., Boston 30, Mass. 


Impact Extrusions 


Some interesting and unusual shapes 
produced by impact extrusions are 
shown above. Impacts are rapidly re- 
placing many machined parts because 
of lower cost and simplified production. 
Very close tolerances are possible with 
more uniform wall thickness and vir- 
tually no draft. Extrusion impacts, 
produced in both aluminum and zine 
alloys are seamless, jointless and have 
bright surfaces —Impact Extrusion 
Products, Ine., 39 Powerhouse Road, 
Roslyn Heights, N. Y. 


Pulse-Height Analyzer 


Model PA-100 100-channel 
pulse-height analyzer features quartz- 


(above) 


delay-line data storage originally de- 
veloped by Hutchinson and Scarrott. 
Printer data (both 
pulse counts) 
tape. Channel 
Capacity is 105 
Over-all average 
usec.—Technical 
140 State St., 


records readout 


channel number and 
decimally 
widths are 1 or 0.2 v. 
counts per channel. 
dead time is 510 
Measurement Corp., 


New Haven, Conn. 
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on paper 





Medical Spectrometer 


Model C-2600 (above) is mobile unit 
designed to provide high counting ac- 
curacy with minimum patient dosage. 
The unit consists of Model C-2910 sin- 
gle-chassis spectrometer, scintillation 
probe with sensitive 2 X 2-in. Nal 
crystal and console housing with coun- 
ter-balanced, ‘‘fold-a-way” detector 
holder.—NRD Instrument Co., 9842 
Manchester Rd., St. Louis 19, Mo. 


Self-Sealing Coupling 


A coupling that will eliminate costly 
and dangerous spillage as the hose is 
connected and disconnected, it is both 
Each of the two 
halves of the coupling contains a spring- 
loaded valve. One half is mounted on 
the tank or other receptacle and the 
The act of coupling 
and uncoupling, done simply by turn- 
ing the wing nut, starts or stops the 
flow, even under pressure. Teflon hose 
and stainless-steel and aluminum fit- 
tings are also available-—Aeroquip 
Corp., 300 South East Ave., Jackson, 
Mich 


simple and efficient. 


other on the hose. 


Reactor Simulator 


Inexpensive reactor simulator provides 
all the characteristics of a nuclear re- 
actor under variable operating condi- 
tions. Designed as a training tool, the 
24 ft® simulator comprises three com- 
puting sections: excess reactivity, nu- 
clear power and heat transfer. A 
significant feature of the simulator is 
the incorporation of a mass flow con- 
trol to demonstrate the power de- 
pendency of the reactor on coolant 
The position of the control 
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mass flow. 
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MANUAL REMOTE VALVE CONTROLS 


Stow Flexible Shafts Used 
in Sodium Reactor Experiment 


Photo | Two half-inch globe valves located in the center of this photo 
are controlled by STOW size 40 geared joints connected by STOW flex- 
ible shafts. The flexible shafts go through the 6-foot concrete walls and 
are connected to valve remote operating terminals on the other side. 
Flexible shafts are used to operate these valves since they can be put in 
an “S”-shaped path when going through the concrete walls. This pre- 
vents radiation escaping from the chamber. These half-inch globe valves 
are used in the organic cooling system of the Sodium Reactor Experi- 
ment, an experimental nuclear power reactor built and operated for the 
Atomic Energy Commission by Atomics International, a division of North 
American Aviation, Inc. 


Photo 2) STOW remote control flexible shafts control one-inch bellows 
seal valves, using STOW V2 valve couplings (center of photo). These 
are installed in the sodium service lines in the main gallery of the Sodium 
Reactor Experiment. The sodium system comprises equipment for 
melting, filtering and introducing sodium to the fill tanks. The half-inch 
globe valve at upper right is an inert gas line. 


Photo 3 STOW flexible shafts control these 1-4 inch diaphragm valves 
in the radioactive waste vault of the Sodium Reactor Experiment. The 
liquid waste disposal system is designed to dispose of the effluent from 
the fuel cleaning cells and the hot cells. 


For complete information on these controls, write today for Design Man- 
ual 553. 


STOW MANUFACTURING CO. 


355 Shear St., Binghamton, N. Y. 


Liaee 


i" 








N. WOOD RADIOACTIVITY DETECTORS 


Shown here are a variety of neutron and cosmic ray counters featuring a 36” long 
counter %4” in dia. and our micro-neutron counter with 4g” x 4” active volume. 
Other counters range in size from %” dia. x 2%” active length to 2” dia. x 38” 
active length and are filled at various pressures from 12 cm. to 120 cm. They are 
made of brass or aluminum and are fitted with 82-805 teflon connectors. They are 
used with standard commercial type scalers with one millivolt input sensitivity 


1 


The display includes the 145” x 34” active G-15-34A neutron counter now 
cosmic ray installations and in I G Y research all over the world 


used in 


ray proportional counter, which like the 


cosmic 


Also shown is the new 2” x 40” 
neutron counter has almost unlimited life 


We have a complete line of glass-wall counters including thin wall jacketed counters 


and bismuth cathode counters 

Our Scintillation counters include the SC-1U Universal counter shown below which 
takes interchangeable alpha, beta, fast and slow neutron crystals as well as gamma 
crystals of various sizes including the well-type 





Write For Descriptive Catalogues. 


N:. C)ood Counter Laboratory 
RADIOACTIVITY DETECTORS 


1525 E. 53rd St., CHICAGO 15, ILLINOIS, Tel. FAirfax 4-1114 
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rods can be varied transiently, or by a 
fine manual control, or can be set to 
velocity. De- 


move at a required 


layed-neutron networks, appropriate 
to the fuels selected, are set by the 
SELECT FUEL potentiometers on the 
control panel. Trip circuits have been 
incorporated to simulate shutdown at 
a preset level or at some defined rate of 
increase of power level.—English Elec- 
tric Co., Ltd., London, England. 


Automatic Scanning System 
Actigraph II 
and records radio chromatograms auto- 


(above) scans, counts, 
matically permitting easy location and 
quantitative measurement of all radio- 
active zones. System includes Model 
C100A strip feeder, 
dow or windowless radiation detectors 
mounted in lead shield for background 
reduction, count rate meter and chart 
recorder. Any paper width from 14 
to 119 in Rate of prog- 
ress of the chart and the strip chroma- 


choice of win- 


can be used. 


togram is synchronized at any of ten 
different and constant speeds ranging 
from 34 in./hr to 12 in./min.—Nuclear- 
Chicago Corp., 229 W. Erie St., Chi- 
cago 10, Ill. 


Powder-to-Strip Mill 
Model TAH-625 (above) is horizontal 


rolling mill that compacts metal pow- 
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and strip 
vertical 
2-high/4-high combinatien mill. Mill 
is equipped with 8 X 8-in. rolls that 


ders directly into sheet 


and also is convertible to 


produce materials in widths of up to | 


7 in. and thicknesses of 1.382-1.8 in., 
depending on metal powder being proc- 
essed. Both wider and larger diam- 
eter rolls can be substituted to produce 
sheet widths of up to 11 in. and thick- 
nesses in excess of }¢ in. The mill can 
be used for both hot and cold rolling 
operations by using high-temperature- 
resistant rolls equipped with heaters.— 
Stanat Manufacturing Co., Inc., 500 
Shames Dr., Westbury, N. Y. 





High-Voltage Supply 


Model 10-1-1 (above) will deliver 10 
kv d-c at 1.25 ma with rms ripple of 
0.25% at 60 eps or 0.04% at 400 eps. 
Del Electronics Corp., 521 Homestead 
Ave., Mount Vernon, N. Y. 


Co®® Irradiator 


Model 1010 will safely contain up to 
3,000 curies of Co® in the standard 
source capsule provided by AEC and 
Atomic Energy of Canada Ltd. It has 
a fixed beam and distance and large 
fields (up to 28 & 28 cm at 50 cm and 
up to 40 * 40 cm at 70 cm) and three 


stages 


of collimation to assure <5% | 


penumbra beyond the field.—Bar-Ray | 
Products, Inc., 209 25th St., Brooklyn | 


33. Bi. zs 


Scaler-Analyzer 


The RCLiac-32 consists of six “plug- | 


in’ modules as follows: number gen- 


or (32 eight-digit numbers) and | 


cath 
magnetic core memory (10° counts per 
supply 


channel power 


lated, positive or 


Vol. 16, No. 5 - May, 1958 


ode-ray tube display (31 points); | 


(well-regu- | 
negative, continu- | 


HAWS 
EMERGENCY 
FACILITIES 


This safety station is part of the compre- 
hensive safety program maintained by 
the General Electric Company at its Ap- 
pliance Park, Louisville, Kentucky. Gen- 
eral Electric considers its safety record 
a prime achievement,and provides Haws 
Emergency Facilities at critical locations 
throughout the production areas. 


e Drench Showers ¢ Eye-Face Wash Fountains 


Not just a shower ...a HAWS DRENCH SHOWER! A quick pull of the 
chain releases a solid sheet of water to rid body and clothing 
of dangerous chemicals and caustics. Safety in seconds—saving 
vital moments until medical aid arrives, perhaps avoiding 
serious injury. HAWS Eye-Wash Fountain, too, is ready to 
flood eyes from specially designed fountain heads. These are 
only two items from HAWS complete line of emergency facil- 
ities to meet every industrial need. Safety authorities stress 
the necessity of instant irrigation for eye or body contamina- 
tion. Provide for it with HAWS equipment. Get the full facts 


now, by writing... 


DRINKING FAUCET COMPANY 


Leader in drinking water facilities since 1909 
1443 FOURTH STREET + BERKELEY 10, CALIFORNIA 
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TOBE 


CREATIVE 
ENGINEERING 


THE NRG-200 
SERIES OF 
LOW-INDUCTANCGE 
THERMONUCLEAR 
ENERGY-STORAGE 
CAPACITORS 





NRG-200 SERIES SPECIFICATIONS 





Type Watt Rating 
No. Seconds 





Mfd. | DC Peak | 


| 
| Self Inductance 
(Microhenries) 





NRG-201/| 1000 5.0 20 KV 


o4 





NRG-202/ 1500 7.5 20 KV 





NRG-203/ 2000 10.0 20 KV 




















NRG-204; 3000 15.0 20 KV 








Tobe now announces the availability 
of a series of reliable, low-cost energy- 
storage capacitors for thermonuclear 


equipment and similar applications 


The NRG-200 series capacitors have 


Specify 


a minimum life expectancy of 1000 
operations, and may be operated at 
ambient temperatures up to 40°C. 
Maximum permissible reversal volt- 
age is 90%. They can be discharged 
into a very low-impedance load with 


complete safety. 
TOBE DEUTSCHMANN 
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CAPACITOR PIONEERS SINCE 


For further technical information or 
engineering aid, write Tobe Deutsch- 
mann Corporation, Norwood, Mass. 


1929 


| billion in 
| Arithmetic circuits (count up to 100,- 
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ously variable from 500 to 1,500 v); 
linear amplifier (31 channels, gain of 1 
or 3.2, channel width of 3% or 1%, 
drift 1 per day) and 
analog-to-digital converter (avg. dead 


zero channel 
time 50 mwsec, max. input pulse rate 
50,000 cps, coincidence and anticoin- 
cidence, 1.5 psec resolution); control 
with (preset 
timer selection from 0.1 sec to several 


circuit analyzer mode 
days in steps of factors of two with 1% 
accuracy for measurements longer than 
149 min) and gross counting mode (pre- 
set count selection from 10 to several 
steps of factors of two); 
Radiation Counter Labora- 
5121 W. Grove St., 


000,000). 
tories, Ine., 


Skokie, Ill. 


Pocket Dosimeter 
The PTW “Monitor” 


pocket dosimeter that will sound audi- 


is integrating 


ble alarm as soon as bearer has received 
radiation dose of 20 mr or 30 mr. It 
can also be supplied on special orders 
for any other capacity. It weighs 
1246 ounces and measures 414 X 234 
x 1146 in.—George T. Meillon Ine., 


132 Nassau St., New York 38, N. Y. 


LITERATURE AVAILABLE 


Electronic apparatus for science and 
industry are described in 256-p Cata- 


log O.—General Radio Co., 275 Mass- 


achusetts Ave., Cambridge 39, Mass. 


“Health Physics Manval’’ contains 
table of organization; permissible ex- 
posure levels; radiation hazard control 
methods, apparatus and procedures; 
application of procedures at each stage 
of operation of high-level irradiation 
facility; emergency procedures; train- 
ing program; and large appendix in- 
cluding glossary, chemical and nuclear 
data, sample forms, etc.—Inland Test- 
ing Laboratories Div., Cook Electric 
Co., Morton Grove, Il. 


Teflon hose and reusable fittings are 
subjects of 4-p catalog supplement. 
Titeflex, Inc., Hendee St., Springfield 4, 
Mass. 


Data logger and alarm scanner featur- 
ing “‘building-block”’ construction and 
flexible pinboard programming is de- 
scribed in 6-p Catalog 30A1200.— 
Fischer & Porter Co., 464 Jacksonville 
Rd., Hatboro, Pa. 
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Tray-type deaerators for effective re- 
moval of corrosive gases from boiler 
feedwater are discussed in 6-p Bulle- 
tin 28B8853.—Allis-Chalmers Manu- | 
facturing Co., Milwaukee 1, Wisc. 


Measurement and control instrumen- 
tation is described in loose-leaf bulle- 
tin.—Schaevitz Engineering, P. O. Box 
505, Camden 1, N. J. 


Detecting, counting and analyzing | 
systems are contained in 132-p Cata- 
log 17, covering complete line of 200 
items, with special section on applica- 
ns.—Radiation Counter Laborato- | 
Inc., 5121 W. Grove St., Skokie, 


‘‘New and Recent Devices’’ is title of | 
8-p publication on chemistry and biol- | 
ogy laboratory equipment.—Aloe Sci- 
ntific Div., A. S. Aloe Co., 5655 | 
Kingsbury, St. Louis 12, Mo. 


‘Zirconium and Zircaloy’’ is title of | 
2-p Bulletin IND-16.—General Plate | 
D Metals & Controls Corp., Attle- 


Mass. 


Radiation detection instruments are | 
lescribed in 24-p Catalog B7-56.— | 
Nuclear Measurements Corp., 2460 | 
N. Arlington Ave., Indianapolis 18, | 


Electrothermal heaters for use on 
metal or glass vessels and pipe are de- 
ibed in three pamphlets.—Arthur 8. 
& Co., 6001 8. Knox Ave., 

icago 29, Il. 


Radioisotope equipment for medical 
purposes is subject of 32-p booklet.— 
Tracerlab, Inc., 1601 Trapelo Rd., | 


Waltham 54, Mass. 


Amplifiers for use in radiation monitor- 

ng, scintillation spectroscopy and pro- 
portional-counter analysis are covered 
n 4-p bulletin—Hamner Electronics 
Co., P. O. Box 531, Princeton, N. J. 


Deuterium-labeled compounds are 
given in current-price list—Volk Ra- 

ochemical Co., 5412 N. Clark St., 
Chicago 40, Ill. 


‘Zircoa News’’ is title of 4-p newslet- 
ter covering latest developments in use 
of zirconia. Sample subject: zirconia 
as catalyst and catalyst support.— 
Zirconium Corp. of America, Solon, 





Ohio 


‘First in War .. . First in Peace’’ is | 
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Announcing... 


Whatever your industry...whatever 
your product...if electronics is now 
at work for you, INFO can become 
important to your operations. 


Ask your nearest RCA Industrial 
Tube Distributor to tell you how! 


RADIO CORPORATION OF AMERICA 


@ Electron Tube Division Harrison, N. J. 
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Specialists wanted for study and research on 


Nuclear Rocket Engines 


This is an outstanding opportunity to join Rocketdyne in Air 
Force study and research activities directed toward a nuclear 
rocket engine. 

You'll work with Dr. C. E. Dillaway, one of the nation’s fore- 
most nuclear propulsion scientists. 

Please check the following list of positions now open in engine 
feasibility studies and preliminary design: 

1. Senior Engineer Research or Engineering: Nuclear physi- 
cist, PhD. (or equivalent experience) for basic studies in the 
application of nuclear power to air vehicles. 

2. Senior Engineer Research: Nuclear Engineer, M.S. degree 
or equivalent, with a background in unconventional powerplant 
design. 

3. Research Engineer: B.S. degree in nuclear engineering. Col- 
lege work in general powerplant design. 

4. Engineering Specialist or Senior Engineer Research: M.S. 
or equivalent, with a strong background in hydrodynamics and 
fluid mechanics to study basic relationships of propulsion equip- 
ment for air vehicles. 

5. Senior Engineer Research or Engineering Specialist: PhD. 
desired with a background in nuclear energy, servo mechanism, 
controls or instrumentation. Should have preferably 4 vears 
additional experience. 

6. Senior Engineer Research: PhD. or M.S. degree with a back- 
ground in heat transfer relating to gas or liquid cooled nuclear 
power plants, preferably of aircraft type. 

7. Senior Structural Engineer or Stress Analyst: Several 
years experience in mechanical stress and structural analysis. 
M.S. or B.S. degree or equivalent. 


Please direct your inquiry to Dr.C. E. Dillaway, 


Nuclear Propulsion Group, 
6633 Canoga Avenue, Canoga Park, California 


ROCKETDYNE iz 


ORTH AMERICAN AVIATION, INC 


BUILDERS OF POWER FOR OUTER SPACE 
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the story of Mallinckrodt’s part in nu- 
clear fuel production.—Mallinckrodt 
Chemical Works, 2nd & Mallinckrodt 
Sts., St. Louis 7, Mo. 


Industrial ceramics and custom serv- 
ices, including production, prototype 
design, research and development, are 
described in 6-p_ bulletin.—Thermo 
Materials, Inc., 4040 Campbell Ave., 
Menlo Park, Calif. 


Radiological health and safety con- 
sulting service to handlers and users of 
radioactive materials who do not have 
facilities or trained personnel to ade- 


quately monitor their operations is de- 
| scribed in 8-p pamphlet.—Combustion 
| Engineering, Inc., 200 Madison Ave., 


New York 16, N. Y. 


CON-RAD has available a 6-p pam- 


| phlet summarizing its applied nu- 
| clear research and radioanalytical serv- 


ices and an 8-p brochure describing its 


radiation-protection program.—Con- 


trols for Radiation, Inc., 130 Alewife 
Brook Pkwy, Cambridge 40, Mass. 


Controls for valves, drives, pumps, 
tools, etc., both shaft-mounted posi- 


| tioning gearmotor and digital systems, 


are presented in 8-p Bulletin J-101.— 


| The Jordan Co., Inc., 3235 W. Hamp- 


ton Ave., Milwaukee 9, Wisc. 


| Electrochemical technical data is pre- 
| sented in 16-p Booklet 2152. Among 
| materials covered are various borides, 
| boron carbide, zirconium oxide and 


boron.—Norton Co., Worcester 6, 


| Mass. 


Coextrusion is subject of 6-p Bulletin 
| 10 discussing recently developed tech- 


niques that have enabled the fabrica- 
tion of many combinations of metals 


| in the form of tubing, rods and special 
| shapes.—Nuclear Metals, Inc., 224 


Albany St., Cambridge 39, Mass. 


| Periodic table of the elements in color 
|is available through permission of 
|W. M. Welch Manufacturing Co., 
| copyright owner.—Atomic Develop- 
| ment Mutual Fund, Inc., 1033 30th 


St., N. W., Washington 7, D. C. 


Springs for high-temperature use, is 
subject of 8-p reprint that tells how to 
design and select materials and why.— 
Associated Spring Corp., Bristol, Conn. 
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High-torque actuator motor featuring |, et U ee 55 

split-second starting and stopping with + ' | | V U @ 

starting torque equal to running torque 

is described in 1-p engineering bulletin. | (WIRED TELEVISION) 
Viking Tool & Machine Corp., 20 | 

Main St., Belleville 9, N. J. 


Filters and strainers for fluids and | IMPROVES HANDLING 


gases is subject of Catalog 58-100.— 
Sah ry oe f RADIOACTIVE MATERIAL 
St., Meriden, Conn. 0 


Electrical controls, simple and for all | 
purposes, are described in 12-p Bulle- 
tin 106.—Assembly Products, Inc., 75 
Wilson Mills Rd., Chesterland, Ohio. 


Millisecond operations recorder for 
continuous automatic logging of power- | 
station operations is described in Cata- 
log 30A1400.—Fischer & Porter Co., | 
188 Jacksonville Rd.. Hatboro, Pa. 


Servo analysis worksheets have been 
prepared to help engineers working on 
system, or component, test and design. 

Servo Corp. of America, 20-18 
Jericho Tnpk, New Hyde Park, N. Y. 


| 
| 


Solenoid valves featuring plunger-seal Diemond “UtiliVue” camera 
design are described in Catalog 105.— | j mounted in radioactive cell has 
Dept. 717, Valeor Engineering Corp., remote focus and three-position 


Carnegie Ave., Kenilworth, N. J. remote control lens turret. 


‘ aig : Mechanical manipulators are watched, close-up 
Helium, with its physical and thermo- and from the side, by Diamond “UtiliVue”. 
dynamic properties, is subject of plas- Personnel are fully protected from radiation. 


tic-bound book containing tables, dia- 
grams, gas curves and little-known 

facts—Wm. R. Whittaker Co., Ltd., AT NUCLEAR SYSTEMS 
915 N. Citrus Ave., Los Angeles 38, 


Calif. a division of the Budd Company 


Philadelphia, Pa. 


This is one of many installations where a Diamond “UtiliVue” 

TES 
meewotRY NO permits close watch of operations with complete safety to per- 
sonnel. The Diamond ITV Camera here is an invaluable ally to 
the viewing window as the mechanical manipulators handle 


radioactive material. It provides important depth perception and 
permits a close-up view for fine detail. 


Cook Electric Co., Chicago, IIl., has a 
Health Physics Department to advise 
companies wishing to establish radia- 
tion safety programs, conduct radio- You may never handle radioactive material, but Diamond ITV 
logical safety training and education can save you money and improve a wide variety of operations. 
programs, or assist an established or- Investigate today. For further information, use the coupon below. 
ganization in solving its operational 


problems. 
_7895A 





Gerard G. Leeds Co. of Great Neck, ee t DIAMOND POWER SPECIALTY CORP. 
N. Y., manufacturer’s representatives, ELECTRONICS DEPT., P.O. BOX 58K 
operate a mobile demonstrator that SPECIALTY CORP LANCASTER, OHIO 


WER ‘ . : 
¥ j . ste Ie ine ¥ AMOND PO Please send me without obligation a copy of bulletin 
can bring complete lab setups, includ DI . ; Sioned teneeeial (wand) Tom 
will help me reduce costs and improve operations. 


7 


ing multichannel analyzers, air moni- TER 
tors and area-monitor installations, for 
field demonstration and test. The 
company presently represents Ra- 
diation Instrument Development Lob-| | 
oratory, Chicago, Ill, (multichannel emg a wy 


analyzers, scalers, etc.); Eberline In- ; - I ec cs cee ee ee ce ce ee ce a ee ae ee ae ee ce ee 
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Removes Vapors Quickly and Effectively 


TWO-STAGE DUO-SEAL VACUUM PUMP 
with VENTED-EXHAUST 


PATENT PENDING 


® Reduces pumpdown time and 


number of oil changes 


® Eliminates 
Separator 


* LARGE CAPACITY 


* HIGH VACUUM 


GUARANTEED VACUUM 


Vent closed, 0.1 micron. When 
the vent is open, only 
slightly higher ultimate pres- 
sures result—wusually in the 


range of | micron. 


FREE AIR CAPACITY 


140 liters/minute 
(5 cubic feet) 


No. 1402B 
PAT. NO. 2.337.849 1402D, DUO-SEAL VACUUM PUMP, 
. ( Volts, D.C 
14028. DUO-SEAL VACUUM Pump, M®°tor Driven. For 115 | Volts 


Motor D For 115 Volts, 60 Cycl d Back. vee ad 
otor riven, or _ olts, ycies, . a 17.50. 
Cc Each, $310.00 For attached Belt Guard, add $ 


to above price. 

PUMP, 1402. DUO-SEAL VACUUM PUMP. Un- 
Motor Driven. For 230 Volts, 60 Cycles, mounted, With pulley, but_without mo- 
A.C, Each, $310.00 tor, belt, or base. Each, $240.00 


W. M. WELCH SCIENTIFIC COMPANY 
DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
ESTABLISHED 1880 
1515 Sedgwick Street, Dept. NU, Chicago 10, Illinois, U. S. A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 


1402C. DUO-SEAL VACUUM 











Traps or Oil 














ACCURATE 
RAPID 
ECONOMICAL 


48 DOMESTIC & WORLDWIDE 


con Film Badge Service 


For BETA, GAMMA, X-RAYS; NEUTRONS (1 week) 


Clip-on, wrist 
or ring style 


We don't keep you waiting! You're entitled to—and you get—speedy ‘“‘local’’ service no 
matter where you are located: U.S., North America, overseas. Just airmail your feather-weight 
exposed films to us. Accurate exposure reports are airmailed back within 48 hours after film 
is received. U.S. users who airmail film to us receive reports within 4 to 5 days; foreign 
clients, within 1 week. Ten-to-one, that's better service than you are now getting. 

In film badge service, reliability counts, too. Our 5-filter system assures highest accuracy 
over a wide range of energies and exposures. Records are permanent and legal. 

Ask for Bulletin 20. Let us quote on your particular needs. Our low prices will surprise you. 


Instruments for 
Research, Medicine, 
Education, Industry, 

Prospecting. 
Catalog on request 


NUCLEONIC Corp. of America 


196 Degraw St. Brooklyn 31, N.Y. 














keep abreast of 
industry news 
via ROUNDUP 
(the yellow pages) 
in 
NUCLEONICS 


A McGRAW-HILL PUBLICATION 








PRODUCTS & MATERIALS 


Department starts on page 130 


strument Division of Reynolds Elec- 
trical & Engineering Co., Santa Fe, 
N. M. (health physics monitoring and 
survey instruments) ; Narda Ultrasonic 
Corp., Mineola, N. Y. (ultrasonic 
cleaning equipment) and St. John 
X-Ray Laboratory, Califon, N. J. 


(film-badge service). 


Central Electronic Manufacturers, Inc., 
Denville, N. J., a subsidiary of Nuclear 
Corp. of America, Inc. is adding some 
11,000 sq ft of floor space to be used, 
among other things, to provide more 
room for its nuclear research and de- 


velopment operation. 


Minneapolis-Honeywell Regulator Co. 
will supply the instrumentation for the 
plutonium extraction plant at Mar- 
coule, France. Automatic control of 
the three-reactor plant (G-1, G-2, and 
G-3 are expected to turn out more than 
200 lb of Pu annually) will require 
about 485 indicators on 11 
Also to be equipped with Honeywell 


panels. 


automatic controls are the research re- 
actors being built by AMF Atomics at 
Munich, West Germany and ACF In- 
dustries, Inc. at Ispra (Varese), Italy. 


Broadview Research Corp., which has 
been active in the areas of computer 
application and marketing, physics, 
chemistry and engineering research, 
has opened a new data-processing cen- 
ter in San Francisco, Calif. that in- 
cludes an ALWAC III-E digital com- 
puter. Other offices of Broadview are 
in Washington, D. C., Burlingame, 
Calif. and Sierra Vista, Ariz. 


American Potash & Chemical Corp., 
Los Angeles, Calif., has begun produc- 
tion of a series of rubidium and cesium 
compounds, including the carbonate, 
sulphate, chloride and fluoride. 


Pilot Chemicals, Inc., has moved its 
plant and offices from Waltham to 
Watertown, Mass. In its improved 
and expanded facilities, the 
will increase production of its 


com- 
pany 
line of high-purity fluors and plastic 
scintillators. 


BJ Electronics, division of Borg-Warner 
Corp., Santa Ana, Calif., has appointed 
J. W. Woodruff to the newly created 
post of manager, customer relations, to 
coordinate and follow through cus- 
tomer purchases and contracts. 
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NUCLEAR CAMPUS| 


e Fifth Series of AEC Grants. 
AEC, scheduling its fifth series of 
grants to colleges and universities for 
the purchase of laboratory equipment 
in the teaching of nuclear science and 
engineering, asked interested schools to 
file their requests by May 1. Under 
a separate program in the life sciences, 
AEC has just completed a second series 
of grants—$373,559 to 30 
Since Oct. 15, 52 schools have collected 


$713,597. 


schools. 


@Fellowship Awards. AEC has 
awarded two groups of graduate fel- 
lowships for the school year beginning 
this summer—165 fellows in nuclear 
science and engineering and 89 in ra- 
diological physics (the study, evalua- 
tion and control of radiation hazards). 
The radiological program will be car- 
ried out at four institutions—Vander- 
bilt, Rochester, Washington and Kan- 
After nine months of academic 
study, the Vanderbilt fellows will get 
three months of experience at Oak 
tidge National Laboratory; Rochester 
fellows to Brookhaven; and Washing- 
ton and Kansas fellows to Hanford | 
Atomic Products, Wash. 


Sas 


* North Carolina State College School 
of Engineering has received an AEC 
grant of $106,779 to permit the school 
ti 
for the departments of civil, chemical 
and mechanical engineering, according 
to J. Harold Lampe, dean of engineer- 
Studies to be supported by the 
grant include heat transfer in nuclear | 
power plants, radioactive waste dis- | 


posal, thermal problems and separation | 


ing 


i 


processes. 
* Stanford University has established | 
a nuclear technology laboratory headed | 
by George Leppert. Equipment in-| 
cludes a subcritical assembly, a coun- 
ter room for measuring and analyzing 
radioactivity, a heat-transfer research | 
lab and a machine shop. Planned for | 
next year is a radiochemistry lab for | 
training in the use of radioisotopes. 
Stanford’s subcritical assembly was | 
designed and assembled by a graduate | 
student, Eugene T. Jilg, under Lep- | 
pert’s supervision. 


* High Voltage Engineering Corp. has | 
unveiled a new Van de Graaff particle | 
accelerator designed especially for 
pulsed neutron output in conjunction | 
with subcritical assemblies, reactor de- | 
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MODELS 


403M | 


402M 


500 TO 2000 VOLT RANGE 
HIGH STABILITY DC POWER SUPPLY 
> 


(mode! 404M 


pictured) 


JOHN FLUKE MANUFACTURING COMPANY 
Seattle, Washington 


1111 West Nickerson 


400CEM 


405 


400BDA 





OUTPUT 
VOLTAGE 


500 to 1600 
volts 


500 to 1600 
volts 


500 to 1600 
volts 


600 to 3100 
volts DC 





OUTPUT 
CURRENT 


= 

0 to 1 ma 
| 

| 


0 to 1 ma 


Oto 1 ma 


0 to 15 ma DC 





OUTPUT 
POLARITY 





REGULATION 
VS. LINE 


REGULATION 
VS. LOAD 


STABILITY 


RESOLUTION 


03 % max. from 
100 to 130 volts 


.03 % max. from 
100 to 130 volts 


01% max. from 
100 to 130 volts 


01 % max. from 
100 to 130 volts 


01% max. for 


20% line change i 





03% no load 
to full load 


03 % no load 
to full load 


01% max. for 
2 mac 


01% max. for 
2 mac 


005 % for 
10 ma change 





02% per hour 


100 mv at any 
output voltage 


01% per hour 


005 % per hour 


005% per hour 


005% per hour | J 





100 mv at any 
output voltage 


100 mv at any 
output voltage 


100 mv at any 
output voltage 


10 mv at any 
output voltage 


100 mv at any 
output voltage 





CALIBRATION 
ACCURACY 


RIPPLE 


2% 


Better than 1% 


Better than 1% 


Better than .5% 


1% 





5 mv max. 





5 mv max. 


Less than 5 mv 
RMS 


Less than 5 mv 
RMS 


Less than 5 mv 
RMS 


5 mv max. 





SIZE AND 
WEIGHT 


19°W x 7”"Hx 
13” D—22 lbs. 





i 
| 


19°W x 7”"Hx 
13” D—22 lbs. 


19’’W Rack x 
7’H x 13"D 


19”'W Rack x 
7”"H x 13”D— 
27 Ibs. 


19°W x 103”"H 
x 14” Ibs. 





19°W x - toy 
x 14"D—4 
Ibs. 











PRICE 


| $209.00 


$265.00 








$435.00 


| $595.00 


| $595.00 





gnetic 
force...; 


permanent 


A sleeve, raised 
and lowered with- 
in a@ nonmagnetic 
tube, attracts or 
releases an Alnico 
magnet attached ; 


to the mercury * 
(or dry contact) \ 


i 


2 


switch. Basically, 
this is Mognetrol. 


The operating principle 
behind MAGNETROL 
LIQUID LEVEL CONTROL 


Because its operating principle, based on the proper 
use of a permanent magnet, guarantees a perpetual 
guardianship over your critical liquid levels, the Mag- 

netrol liquid level control unobtrusively takes the most 
important place in any system or process where it is 
necessary to keep a liquid at a constant level. Principle and 
action are so simple that failure is virtually impossible. Mag- 
netrol is versatile, too—will handle almost ANY liquid,at ANY 
temperature, at ANY pressure, with the same precision and 
dependability. No mechanical or electrical linkages to stick, bind, 
ride out of line or wear out. Available for controlling level changes 
from %”" to 150 ft. Multi-stage switching when desired. Write to 


MAGNETROL, ImC.z, 2115 S. Marshall Bivd., Chicago 23, Illinois 





FOR SCINTILLATION & 
PROPORTIONAL COUNTING 


NON-OVERLOADING LINEAR AMPLIFIERS 


Models 108 
& 108P 


TREMENDOUS DYNAMIC RANGE Exceeds 1,000,000 
(0.1 mv te 100v) 
Based on improved Chase-Higinbotham design. 
Excellent linearity for smal! pulses in the presence of 
tremendous overioads that paralyze other amplifiers. 
PULSE HEIGHT SELECTOR (Supplied only on Mode! 
108P)—Precision trigger-type. 


PRECISION HIGH VOLTAGE SUPPLIES 


Model 515 
(Positive and 
Negative) 


@ 500-1500 volts, 1 m.a. (2 m.a. to IKV) 

© Continuously variable 

©@ Polarity switch makes this highly regulated 
supply equivalent to two separate precision 


instrumen 
© Drift less than .01% over several hours; les 
than .02% per day. Regulation .0002% od 
% change in line voltage for line voltages be- 
tween 70 and 1 
@ Precision voltage divider (0.1% resistors) for 
ise reading of output voltage 
° Re panel meter. Dual teflon connectors 
Model 108 Amplifier $545.00 
Model 108P Amplifier (includes pulse- 
height selector) 
Amplifier (gain of 1000) 
Mercury Pulse Generator $125.00 
HV Supply (500-1500 volts) $385.00 
HV Supply (1000-4000 volts) $535.00 
Sliding Pulser $450.00 
(prices FOB Silver Spring) 


RADIATION INSTRUMENT CO. 


?.0. BOX 733 SILVER SPRING, MARYLAND 





astra z= 


offers... 


an unusual combination of abil- 
ities to help solve your 


CONTROL-SYSTEMS _ 
DESIGN PROBLEMS 


for 

NUCLEAR POWER PLANTS 
and 

REACTORS ... 


Astra’s group approach to nu- 
clear control-systems questions 
utilizes proven multi-field abil- 
ities in control engineering, re- 
actor physics and powerplant 
engineering. 
WANTED: Intermediate or 
Senior Physics Engineer who 
can, and will, do all from 
nuclear physics calculations to 
routine engineering 
WHEN CONTROL 
IS CRITICAL CALL ON 











astra ATOMIC 


ENERGY 
CONSULTANTS 





Cable: ASTRA 


Milford, Conn. e 





NUCLEAR CAMPUS 


Department starts on page 143 


sign studies and nuclear engineering 
training. The 
Model PN-250, has an energy rating of 
0.25 Mev, nominal, with nominal ion 
Weight 


positive-ion machine, 


current during pulse of 50 ya. 
is 1,200 lb. 


* Georgia, South Carolina and Ten- 
nessee are sending 13 specially trained 
“traveling teachers” on lecture-dem- 
onstration tours during the 1958-59 
school year. The teachers will spend 
a three-month preliminary training 
period at Oak Ridge Institute of Nu- 
clear Studies under the Traveling Sci- 
ence Demonstration Lecture Program, 
sponsored by AEC and the National 
Foundation. Another 
teachers are expected to be enrolled 


Science nine | 
before the preliminary course begins 
this summer. 


® Brooklyn College and University of 
Detroit have received access permits | 
from AEC under the program for mak- | 
ing restricted data of use in the peaceful 
application of atomic energy available 
to parties with a demonstrated need 
for the data. 


Courses 


Massachusetts Institute of Technology 
will offer a special summer program in 
principles of radioisotope utilization | 
from July 14 through July 25.‘ Topics | 
to be covered include atomic and nu-| 
clear physics, dosimetry, radiochem- 
istry, detection of radiation, radiation | 
effects, and theory of tracer experi-| 
ments. Afternoon sessions emphasize 
industrial and medical applications of 
radioisotopes. Tuition is $250; aca- 
demic credit is not offered. 


A lecture series on materials for nu-| 
clear reactors will be held at New 
York Univ. June 9-13. The schedule | 
includes 20 lectures, with a different 
aspect of reactor technology to be 
covered on each of the five days—| 
criteria for materials selection; prop- 
erties of materials; environmental (in- | 
cluding radiation) effects; fuel mate- | 
rials and systems; design problems. 
The Maritime Administration is con- | 
tinuing its courses in atomic, biologi- 
cal, chemical and damage control 
training through June. Application | 
to attend the two-day course given 
biweekly should be made at Rm. 822, 


45 Broadway, New York City. 





© IATION 


_— 
_DETECRTTON 


TO SAFEGUARD YOUR EMPLOYEES 
Jf / 


FILM 
BADGE 
SERVICE 


* BETA-GAMMA * NEUTRON 


Custom service—tailored to your 
needs 


Fast, efficient—consistently 
accurate 


Wide range—10mr to 1000R 


Cable Address: HEPPHYSICS 


HEALTH PHYSICS 
SERVICES CO. 


1109-13 Low St. - Baltimore 2, MD. 


TRADE-MARK 


SCINTILLATION 
PHOSPHORS 


FOR LIQUID AND PLASTIC COUNTING 


“POPOP” (Scintillation Grade) 
M.P. 245-246° C 
Fluorescence Max. 4200A 

2,5-DIPHENYLOXAZOLE 
M.P. 70-72° C 
Fluorescence Max. 3800A 

ALPHANAPHTHYLPHENYLOXAZOLE 

(Scintillation Grade) 

M.P. 104-106° C 
Fluorescence Max. 4050A 

p-TERPHENYL (Scintillation Grade) 
M.P. 211-212° C 
Fluorescence Max, 3460A 

1,1,4,4-TETRAPHENYLBUTADIENE 

(Scintillation Grade) 

M.P. 104-106° C 

Fluorescence Max. 4320A 
PHENYLBIPHENYLYLOXADIAZOLE 
(Scintillation Grade) 

M.P. 167—169° C 

Fluorescence Max. 3700A 

CADMIUM PROPIONATE, Anhydrous 
M.P. 182-185° C 
Solubility: 12g per 100 mi of 1:9 metha- 
nol-toluene 

Available 

Dept. ‘‘K"’ 

products. 


(Scint. Grade) 


stock . . . write to 
free booklet on these 


from 
for 





ARAPAHOE CHEMICALS, INC. 


2800 PEARL STREET * BOULDER, COLORADO 
PRODUCERS OF FINE ORGANIC CHEMICALS 
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NEWSMAKERS 


AEC has completed a top-level realign- | 
ment of its legal staff, naming Algie A. | 
Wells deputy general counsel to Loren 
K. Olson, general counsel, and Edward | 
Diamond, associate general counsel. | 
Olson and Diamond were appointed 
arlier this yeur. Wells has been a 
member of the legal staff since 1949. 


Herbert F. York has left his post as 
director of the Univ. of California Ra- 
diation Labora- 
tory, Livermore, 
to head the Divi- 
sion of Advanced 
Research Projects | 
at the Pentagon. | 
He has been suc-| 
ceeded by Edward 
Teller, an impor- | 
tant contributor 
to development of 
Teller will retain | 
his positions as professor of physics at | 
he university and 


York 


he hydrogen bomb. 


issociate director 
the Berkeley 
‘tion of the lab- 
York, 


37, has had 


ratory. 


1 meteoric rise 
since he entered 
the atomic energy 
1943. 
An expert on 


program in 
Teller 

atomic weapons, he serves on advisory 
army, 
President 


committees to the air force, 


secretary of defense and 


Eisenhower. 


Two staff members of the Joint Com- | 
mittee on Atomic Energy have been 
given promotions: John T. Conway as | 
assistant director to James T. Ramey, | 
and David R. Toll as staff counsel, suc- | 
ceeding George Norris, Jr. Norris re- 
cently joined Combustion Engineering. | 


The other professional staff members | | 


of JCAE are Edwin Brown, Jr. and | 
Captain N. R. Nelson, USN. 


Canada’s atomic energy director, Wil- | 
liam J. Bennett, has resigned to en- 
He headed the 
atomic program for nearly five years. 


ter private business. 


The Martin Company has made three 
personnel changes in its Martin-Nu- 
clear div. John C. Robinson, former 
manager of Sylvania-Corning’s fuel ele- 
ment plant, is new manager of Martin- 
Nuclear’s engineering dept.; Jack Hun- 
ter has gone from engineering manager 
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BORON-10 
BORIC ACID 


Following their recent 
announcement of the separa- 
tion of Boron isotopes, 20th 
Century now offer high purity 
Boric Acid wherein the boron 
is normally enriched to 90% 
B-10. This material is 
particularly suited to the 
manufacture of neutron 
sensitive scintillators. Boric 
Acid is also the starting point 
for the manufacture of 
Boron Trioxide, Boron 
Carbide, and Elemental 
Boron. Boron-10 enrichments 
greater than 90°, can be 
supplied by special 
arrangement. 


CENTRONICS WORKS 
KING HENRY’S DRIVE 
NEW ADDINGTON 
CROYDON SURREY 
ENGLAND 


20™ CENTURY 


Cables: Centronix, London 








NORBIDE... 


»-B4C 


2,450°C. M.P., 2.51 g./ce. 
Tech. Gr. 70% B Min. 
High B Gr. 76.5% Min. 


>> ~ 83 cm.-! 


Bac 


outstanding neutron absorber 
;B'°+n=,Li’+.,He*+2.5 Mev. 








NORBIDE Boron Carbide for 
atomic reactors is molded into 
the shield, segments and other 
structural parts shown. It is also 
formed into rods, discs, tubes, 
etc. to users’ specifications. 


‘ 








NORBIDE Boron Carbide is an important con- WNORTONE 


REFRACTORIES 


Ciaking better products ... 
fo make your products better . 


tribution to modern progress in the field of nuclear 





energy. This hard, lightweight, chemically stable 
material has high boron content that makes it an 
outstanding absorber of neutrons without becom- 
ing radioactive. For a booklet on Norton NORBIDE 
Boron Carbide and other boron-rich materials, 
write to NORTON COMPANY, Refractories Division, 
654 New Bond St., Worcester 6, Massachusetts. 


*Trade-Mark Reg. U.S. Pat. Off. and Foreign Countries 




















A Lecture Series 


on 


MATERIALS FOR NUCLEAR 
REACTORS 


will be held at 


NEW YORK UNIVERSITY 


> 


June 9 to 13, 1958 


This special one-week course for 
engineers will consist of twenty le 
tures by experts in the field, and will 
cover the following areas 


® Criteria for Materials Selection 


© Properties of Materials for Reactor Applica 
tions 


@ Environmental Effects [including Radiation 


Effects) 
® Fuel 


® General 
Design 


Materials and Systems 


Problems in Reactor Component 


Informal discussion sessions will be held 
including a special panel discussion on fuel 


selection for commercial power development 


Registrants may enroll for single days « 
the full Dormitory space will be 
available. Registration will be limited. Fees 
full course, $110: single day, $35 
$2.50 a night. 


course. 


dormitory 
For information contact Course Chairman 
Dr. Irving Cadoff, Engineering 
New York University, New York 53, N. Y 
Phone: LUdlow 4-0700, Extension 215 


College of 














High Resolution 


CESIUM IODIDE (T.) 
SCINTILLATION 
CRYSTALS 


SUGGESTED APPLICATIONS: 


@ HEAVY PARTICLE, ELECTRON 
AND MESON DETECTION 


® SMALL, HIGHLY DIRECTIONAL 


PROBES 


© X-RAY SCREENS FOR NON-DE- 
STRUCTIVE TESTING 


Write for Technical Bulletin 257E 


We manufacture an extensive line 
of high quality scintillation and 
optical crystals including Nal (TI), 
Lil (Eu), “Lil(Eu), anthracene, stil- 
bene, plastic scintillators, NaCl, 
KCI, KBr, KCI, KI, CsBr and Csi. 





CORPORATION 


P.O. Box 34 © Palisades Park, N. J. 
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Dual-Purpose Reactors 


This article starts on p. 105 


now borne by the existing 
reactors). For the 


reactors, the 


all costs 
Hanford 
producing 


power- 
power was 
credited against Pu cost at a rate of 
$25/kw-yr(3.58 mills/kwh at 80% load 
factor). This value was recommended 
by the Federal Power Commission and 
appears a reasonable one for the 
Columbia River basin area where the 
plant would be integrated into a large 
hydroelectric network. 

The estimates also take into account 
the possibility that the demand for Pu 
may not continue for the useful life of 
the plant. 
assumed: (a) Pu demand lasts for only 
The 
single-purpose reactor is then written 
off at the end of this period while the 
dual-purpose reactors produce saleable 
Pu de- 


mand continues and all reactors remain 


Thus two situations were 


the first ten years of plant life. 


power for 15 more years. (b) 


in operation for 25 years. 

Under the latter assumption the full- 
cost figures show that the single-pur- 
pose and the 300-Mw reactor costs are 
The 700-Mw reactor 
produces Pu at a 30% lower cost (al- 
For 10-year 


about the same. 


though at a lower rate). 
Pu production the single-purpose and 
the 300-Mw reactor 
about equal while the 700-Mw design 
The con- 
clusion to be that for a 
reduction in Pu 


again come off 
is still lower by some 30%. 
drawn is 
significant costs 
(compared with single-purpose reactor 
costs), dual-purpose units of the size 
considered must produce more than 
300 Mw of electric power. 

Brief studies of Pu cost under govern- 
ment financing at another site showed 
a comparable cost assuming the power 
is sold at 3.58 mills/kwh and was 20% 
lower for a value of 6.5 mills/kwh. 
The use of the former value for Han- 
ford depends on the region’s hydro- 
electric network being able to accept 
large fluctuations in reactor power out- 
put (from sudden outages or scheduled 
The report 
doubt that other networks in the coun- 
try could afford to pay even the lower 
Esti- 
mates of the cost of Pu under private 


shutdowns). expressed 


price for this kind of power. 


financing at either the Hanford site or 
another site showed the product cost 
doubled or quadrupled over the govern- 
ment cost. 

The report suggested that a 
year period would be needed to build 


four 


any of the reactors starting from date 
of authorization. 


Gas-Cooled Reactors 


This article starts on p. 104 


The specific power (Mw/ton of fuel) 
of the natural-uranium is only one 
third the specific power of an enriched 
system of comparable output. This is 
reflected in large reactor vessel, more 


fuel channels and a generally larger 


plant. Capital costs per unit capacity 
for large-scale natural-uranium plants 
are ~30% higher than for comparable 
plants using partially enriched U. 
Ata burnup of 2,700 Mwd/ton, fuel 
costs for natural uranium come out to 
be about the same as for partially 
enriched fuel at 9,000 Mwd/ton. In 
both instances the fuel cost 
2.5 mills/kwh 
burnup, processing, and 4% charges on 
a credit for 


is about 
including fabrication, 


uranium inventory with 


plutonium at $12/gram. Kaiser esti- 
mates that the power cost for a natural- 
uranium reactor equivalent to the 
215-Mw(e) plant mentioned 
would be 16.2 mills/kwh 


Also natural-uranium concepts show 


above 


relatively poor development potential. 
There is little evidence that any major 
improvements can be made in the tech- 
nology of natural-uranium gas-cooled, 
graphite-moderated reactors. 
102 for British views.) 


pow er 


(See p. 


AEC Recommendations 


The AEC made these recommenda- 
tions for a future gas-cooled graphite- 
reactor program if the U. 8. should de- 
cide to follow one: 

® Rather than start out with a large 
scale [~200 Mw/(e)] gas-cooled reactor 
as a prototype, AEC believes a smaller 
one [~40Mw/(e)| would be easier to 
build, les¢ 


the information needed. 


and give all 
The reactor 


cost money 
should be designed for exit gas tem- 
peratures of at least 1,000° F and for 
steam conditions approaching those of 
modern plants. 

® This or any other gas-cooled graph- 
ite concept should definitely use en- 
riched rather than natural uranium. 

However, some attention should be 
given tothe long range potential of nat- 
ural-uranium feed with Pu-recycling, 
applying technology derived from other 
phases of the development program. 

* Any program adopted should in- 
clude design studies on more advanced 
large-scale gas-cooled power-reactor 
concepts and a comprehensive research 
effort on gas cooling, high-temperature 
graphite characteristics, and high-tem- 
perature fuel materials. 
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NEWSMAKERS 


Department starts on page 145 


to technical director; and V. Keith 
from facilities 
assistant general 


Young has moved 
administrator to 


manager. 


Harry L. Hilyard, vice-president—treas- 
urer of American Tobacco Co., 
been elected presi- 
dent of Industrial 
Reactor Labora- 
tories, Inc., suc- 
ceeding Walter 
Bedell Smith, vice 
chairman of 
American Ma- 
chine & Foundry. 
E. J. Goett, senior 
vice-president of 


has 


Hilyord 


Atlas Powder, has been elected vice- 
president of IRL; W. |. Chamberlain, 
AMF, has been re-elected secretary; 
and J. S. Hanks, IRL business manager, 
has been re-elected treasurer. 


Otto A. Schulze has been appointed 
engineering manager, AMF Atomics. 
He formerly headed a section of the 
parent firm’s nuclear engineering lab- 
oratory, now a part of AMF Atomics. 


General James M. Gavin, retired 
chief of research and development, 
U. S. Army, has been elected vice- 
president of Arthur D. Little. 


Everett R. Holles, personal assistant to 
AEC chairman Lewis L. Strauss, has 
joined General 
Atomic div., Gen- 
eral Dynamics, as 
assistant to Fred- 
eric de Hoffmann, 
vice-president of 
GD general 
manager of GA, 
Holles served with 
for 
than three years, 
participating in the preparations for 
the Geneva Conference in 1955 and 
advising the U. 8. delegation to the 
International Atomic Energy Agency 
conference in Vienna last year. 


and 


Strauss more 


Holles 


L. Stewart Mims has joined Atomics 
International as group leader of pre- 
liminary engineering. Mims is former 
director of Bell Aircraft’s nucleonics 
dept. and, before that, manager of the 
analytical design section, Westinghouse 
Bettis div. 


Montgomery H. Johnson has taken on 
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. *“¥* . . . oral ! 
responsibility for all basic scientific re- 


search operations of Aeronutronic Sys- 
tems, Inc., subsidiary of Ford Motor 
Co. He was director of the nucleonics 
and physics laboratory. 


AEC has elevated Enzi DeRenzis, as- 
sistant deputy manager of the New| 
York Operations office, to manager of | 
the new area office at Princeton, N. J. 
The office was organized April 1 to| 
supervise the controlled thermonuclear | 


and other high-energy physics research | 
work at Princeton Univ. 


Six new employees have been hired by | 
the Atomic Energy div., Phillips Pe- 
troleum. They are physicists Robert 
Engle, Lester Stephen and Rufus 
Walker; reactor engineer Stephen W. | 
Gleave; electronics engineer Richard | 
|. Little; and radiochemist Robert L. | 
Tromp. 


A. Stanley Thompson has taken over 
management of engineering operations 
at Nuclear Development 
America. He will direct the extensive 
engineering required to take reactor 
designs from the computing machine to 
the hardware stage. He joined NDA 
from Atomic div., 
Dynamics. 


General General 


Two U. S. scientists have taken leaves 
of absence to work with the Interna- 
tional Atomic Energy Agency. John 
H. Manley, Los Alamos, has been ap- 
pointed senior technical advisor to the 
U. S. mission for six months; W. W. 
Grigorieff, Oak Ridge Institute of Nu- 
clear Studies, has been named chief of | 
the exchange branch of the IAEA div. 
of exchange and training of scientists 
and experts for a year. 


S. C. Sigoloff and H. M. Borella have 
joined Edgerton, Germeshausen and 
Grier, Las Vegas, upon leaving Nuclear 
Corp. of America, where they worked 
on high-level radiation dosimetry and 
health physics. 


Bendix Aviation has assigned Albert 
B. Van Rennes to head its nuclear tech- 
nology group and Jack M. LaRue to a 
staff advisory post on extension of the 
firm’s activities in reactor design. 
LaRue formerly headed the technology 
group. 


Jacob Bigeleisen, senior chemist at 
Brookhaven National Laboratory, has | 
been awarded the $1,000 American | 
Chemical Society award for nuclear ap- | 
plications in chemistry. 





Corp. of | 





Now in Use 
in Thousands of Labs! 


PROPIPETTE 


The safe accurate Pipette Filler for Iso- 
topes, Cyanides, Acids, Bacteria and 
Other Dangerous Solutions 
This amazing new instrument is now 

equipment in government, medi- 
cal and industriai laboratories 
out the nation. Offers more precise 
measurement (to 0.01 cc), more complete 
control, and avoids all the risks of mouth 
pipetting. Holds set level indefinitely, fits 
any pipette, operates easily with one hand. 
Order a supply of PROPIPETTES now, 
$6.90 each. 


INSTRUMENTATION ASSOC. 
17 West 60th St., New York 23, Dept. N-58 
Circle 5-5590 


Send for current list of new scientific 
instruments 





ATOMIC 
ENERGY? 


We will be glad to send you a free 
prospectus describing Atomic 
Development Mutual Fund, Inc. This 
fund has more than 75 holdings of 
stocks selected from among those 
of companies active in the atomic 
field with the objéctive of possible 
growth in principal and income. 

For further details, mail coupon. 


cco SC Cee 


| Atomic Development Securities Co.,Inc. Dept. N 


1033 THIRTIETH STREET, N. W. 
WASHINGTON 7, D.C. 


NAME 





ADDRESS. 





CITY AND STATE 

















GROWTH PROSPECTS 
for the 


ATOMIC INDUSTRY? 


U.S. manufacturers can jiook for- 
ward to an estimated $4 billion 
sales of equipment and com- 
ponents for U.S. and foreign nu- 
clear reactors over the next ten 
years, according to the Atomic 
Industrial Forum Growth Survey 
of the Atomic Industry, 1958— 
1968. 


The 84-page survey, supported by 
more than 50 detailed 
tables, bases its forecasts upon cur 
rent or projected construction pro 
grams for large U.S. power reactors; 
naval, military and propulsion re 
actors; foreign nuclear plant con 
struction; fuel and fuel processing 
requirements. To assist manufacturers 
in gauging this market, estimated re 
quirements are given for the follow 
ing major reactor components 


charts and 


* fuel handling equipment 
® pressure vessels 
* control apparatus 


* heat exchangers or steam 
generators 


* main pumps 

* main piping 

* main valves 

* tanks and auxiliaries 

* instrumentation 

* waste handling equipment 


To measure upcoming business 
potential in this new industry, the 
growth survey is an essential ele- 
ment in your market development 
calculations. 


Available at $25 00 per copy from 


Atomic 
Industrial Forum. Inc. 
3 East 54th Street. New York 22 


Attn: Department N 








NUCLEAR CALENDAR 


May 24-31—International Water Supply 
Assn., 4th Congress, Brussels. Lec- 
ture on atomic energy and its relation 
to water supply. Contact L. Millis, 
International Water Supply Assn., 10 
Square Ambiorix, Brussels 4. 


May 27-29—Third annual reactive 
metals conference, American Institute 
of Mining, Metallurgical and Petro- 
leum Engineers, Buffalo (Statler). 
Contact S. F. Urban, National Lead 
Co., Buffalo, N.Y. 


June 1-6—1958 Industrial Research Con- 
ference, Harriman, N. Y. (Arden 
House). Speakers include A. P. Hew- 
lett, vice president of Esso Research 
& Engineering, and John C. R. Kelly, 
Jr., manager of technology dept., 
Westinghouse. Fee $400. Contact 
Robert T. Livingston, 409 Engineer- 
ing, Columbia Univ., New York 27, 


June 2-5—American Nuclear Society 
annual meeting, Los Angeles (Statler). 
Contact W. R. Hainsworth, Fluor 
Corp., Los Angeles. 


June 2-6—Symposium on the Peaceful 
Uses of Atomic Energy in Australia, 
Sydney. Exhibition and five-section 
conference—materials, power engi- 
neering, power auxiliaries (fuel cycles, 
chemical processing, economics), basic 
sciences (nuclear and thermonuclear), 
and associated techniques (radio- 
isotopes, handling instrumentation, 
health, education, training). Contact 
Symposium General Secretary, AAEC 
Research Establishment, Sutherland, 
New South Wales, Australia. 


June 2-7—International Conference on 
Solid State Physics in Electronics 
and Telecommunications, Brussels. 
Scheduled in conjunction with Brus- 
sels Fair. Papers on radiation-sensi- 
tive materials, phosphors, electro- 
luminescent materials, infrared de- 
tectors, image amplifiers, light ampli- 
fiers, etc. Contact General Secretary, 
Société Belge de Physique, Loverval, 
Belgium. 


June 9-11—Annual meeting of Health 
Physics Society (University of Cali- 
fornia, Berkeley). Contact Elda E. 
Anderson, Oak Ridge National Labo- 
ratory, Tenn. 


June 9-12—Conference on Materials 
Handling, Cleveland (Public 
rium), sponsored by American Soci- 
ety of Mechanical Engineers. Paper 
June 11 on “development of nuclear 
handling equipment’’; also 
June 12 on “materials handling in 
the atomic and space age.’’ Contact 
Clapp & Poliak, Inc., 341 Madison 
Ave., New York 17. 


session 


June 15-19—Semiannual Meeting of The | 
American Society of Mechanical En- | 





Audito- | 


‘OFF THE SHELF’ 
LENSES 


oor eee 


=> 

MAMMOTH “ON-HAND’’ SELECTION 

Whatever your lens need B & J can provide 
you instant action! Large ‘‘Room-Size"’ Vaults that 
hold thousands of Photo Optics and include famous 
brands of the world's finest domestic and foreign 
manufacturers are at your immediate disposal!! 
Here are lenses of every conceivable speed and size, 
from 44" to 80” big Berthas. An inventory second to 
All Lenses sold on a 15-Day Free Trial and 
UNCONDITIONALLY GUARANTEED! 
RESEARCH OPTICAL ASSEMBLY LAB— 
for your special custom lens problem! In our modern 
fully equipped lab; precision 
rr “Zz, rigid testing, custom 

ing, and lens coating are 

speedily done by expert crafts- 
men to meet the specific require- 
ments of such companies as 
Ford, R.C.A., G.E., Atomic 
Energy Comm., etc. Write Mr 
Albert James, lens authority 
today— N-558 


BURKE & JAMES 
321 S.Wabash Chicago 4, Illinois 








VUdlonal Shed Inc. 


NEW “SINTILON” 
PLASTIC PHOSPHOR 


The new “Sintilon” Brand Plastic Phos- 
phor by National Radiac possess a very 
short decay time and extremely high 
light output, combining high counting 
speed with ultimate efficiency and 
economy. 

These phosphors are particularly suited 
for cosmic ray and fast particle de- 
tection and as blocks for human body 
counters. They are available in thin 
sheets for alpha ond beta counting and 
in cylinders for gamma and fast 
neutron detection. 

Also a leading manufacturer of quality 
Sodium lodide (Tl) and Organic Scintillators 


AVAILABLE FOR IMMEDIATE DELIVERY 
IN ALL SIZES FROM STOCK 


Send For Bulletins No, 6 and No. 9 


A OS Inc. 


475 WASHINGTON STREET 
Dept. N-1 » NEWARK, N. J. 
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WHERE - TO - BUY 


This Where-To-Buy section has been 
established for manufacturers desir- 
ing advertising in space units smaller 
than run of book display space, and 
is available in units from one to four 
inches. Every ad is indexed. This 
section is both effective and econom- 
ical, to you, the advertiser. 


Rates are per inch per insertion. 
Contract rates are based on the use 
of 6 or 12 issues within the contract 
year, and as specified below: 
1 Time $22.50 6 Times $21.00 
12 Times $19.50 
Send inquiries to 
Classified Advertising Division, 
Nucleonics, Post Office Box 12, 
N.Y. 36, N.Y. 





—URINALYSES— 


CON-RAD offers the most compre- 
hensive urinalysis service com- 
mercially available, including the 
following analyses: 


Gross Activities Beryllium Fission Products 
Total Uranium Mercury Plutonium 
Enriched Uranium Thorium Radium 


FILM BADGE 


Write for free brochure describing 
advanced FILM BADGE DOSIMETRY 
SERVICE. 








rerobelamelt.. 
for 
‘radiation 


EG 


ne 


130 ALEWIFE BROOK PKWY., CAMBRIDGE, MASS 





URINALYSIS SERVICE 


NSEC laboratories are staffed and equipped to 
perform routine and emergency urinalysis for: 
* Total uranium * Polonium 
* Enriched uranium © Fission products 
* Plutonium * Gross activities 
* Other radioactive isotopes 


Neaclear Science and Engineering Comp. 


P.O. Box 10901, Pittsburgh 36, Penna. 








Larger Sizes Now Available 
Hi-D® LEAD GLASS WINDOWS 
For use in steel, lead, and concrete walls. 

Send for Circular GS-4 


PENBERTHY INSTRUMENT CO. 
4301 6th AVE. SOUTH * SEATTLE 8, WASH. 














THE MOST EXPERIENCED 


FILM BADGE SERVICE 
ST. JOHN X-RAY LABORATORY 
CALIFON, NEW JERSEY 
Established 1925 
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June 24 Third 


| 


gineers, Detroit (Statler). Program | 
includes session on nuclear power pro- 
gram and tour of Enrico Fermi fast 
breeder reactor under construction 
at Lagoona Beach, Mich. Contact 
ASME, 29 West 39th St., New York | 
18, N. Y. 


June 16-20—Fifth Annual Meeting, In- 
ternational Congress on Electronics 
and Atomic Energy, Rome. Concur- 
rent exhibition on peaceful uses of 
atom will run through June 30. 


June 19-21—5th annual meeting, Society 
of Nuclear Medicine, Los Angeles. 
Seminar on teaching problems in use 
of radioactive isotopes features pro- 
gram which includes 30 scientific 
papers ow _four training courses. 
Contact G. C. Kyker, ORINS Medi- | 
cal Div., te 117, Oak Ridge, Tenn. | 





June 23-27—1958 Gordon Research Con- 
ference on Nuclear Chemistry, Meri- 
den, N. H. (Kimball Union Academy). 
Talks on nuclear spectroscopy, photo- 
nuclear reactions, heavy ion reactions, 
hot atom chemistry, chemical tech-| 
niques. Contact W. George Parks, 
U. of Rhode Island, Kingston. | 


Annual Symposium on | 
Radiation Effects, Boston (Statler), 

sponsored by American Society for 
Testing Materials and Atomic Indus- | 
trial Forum. Papers on dosimetry, | 
new irradiation facilities, and irradia- | 
tion studies on organics, metals and | 
ceramics. Contact J. H. Kittel, Ar-| 
gonne National Laboratory, Lemont, 
Ill., or A. N. Tschaeche, Sandia Corp., 
Albuquerque. 


June 30-July 5—2nd Conference on High 
Energy Nuclear Physics, European 
Council for Nuclear Research, Geneva. 
8th in series of annual conferences hith- 
erto held in Rochester, N. Y. Con- 
tact CERN, Geneva 23, Switzerland. 


July 7-12—lInternational Congress on 
Nuclear Physics, Paris, sponsored by 
the International Union of Physics 
and the United Nations Economic and 
Social Council. Contact F. Netter, 
Institut du Radium, 11, rue Pierre 
Curie, Paris 5. 


Sept. 1-13—Second International Con- 
ference on Peaceful Uses of Atomic | 
Energy, Geneva, sponsored by United | 
Nations. For preliminary program, | 
see NU, Aug. ’57, 23. As in 1955, 
there will also be both government- 
sponsored and industrial exhibits. | 
Contact Sigvard Eklund, United 
Nations, N. Y. 





Oct. 15-17—Second Energy Resources 
Conference, Denver (Brown Palace). 
General theme is “energy and its im- 
pact on society’’; also discussion of 
the world’s oceans as an energy source. 
Speakers include Warren Johnson, 
Univ. of Chicago, reporting on the 
Geneva conference. Contact Denver 
Chamber of Commerce. 














LAMINATED 
PLASTIC 


RADIATION 
DANGER SIGNS 


* Full 7” x 10” in sizel 
* Plastic—indestructible! 


* Each sign carries warning in 
English, German & Spanishl 


< i 


QUANTITY DISCOUNTS AVAILABLE! 
ORDER DIRECT FROM— 


Health Physics 


Services 
1109-13 Low St. 
Baltimore 2, Md. 


ACH 








toon on the Mate 


Now available 
in a new edition... 
with new figures. 


This popular booklet points up the 
important sales problem of personnel 
turnover in industry. Out of every 
1,000 key men (over a 12-month pe- 
riod) 343 new faces appear ... 65 
change titles . .. 157 shift ... and 435 
stay put. These figures are based on 
average mailing address changes on a 
list of over a million paid subscribers 
to McGraw-Hill magazines. 


Write us for a free copy 


Company Promotion Department 


McGraw-Hill Publishing Co., Inc. 


330 West 42nd Street, 
New York 36, New York 








EMPLOYMENT OPPORTUNITIES 


skilled, manual, etc. 


The Advertisements in this section include all employment opport utive, 9 , technical, selling, office, 
Positions Vacant Civil Service Opportunities Employment Agencies 
Positions Wanted Selling Opportunities Wanted Employment Services 
Part Time Work Selling Opportunities Offered Labor Bureaus 


NATIONAL ( DISPLAYED ‘ —RATES— UNDISPLAYED 
i : i 5 ze words as a line. 


[he advertising rate is $19.33 per inch for all advertis- payment count 5 average 


F ; ing appearing on other than a contract basis. Contract Positions Wanted—The rate is one-half of the above, 
/ rates quoted on request payable in advance. 

\ 

\ 





An advertising inch is measured }” vertically on a Box Numbers—counts as 1 line. 
column—3 columns—30 inches to a page. 2% 
pag Discount of 10% if full payment is made in advance for 
Subject to Agency Commission 4 consecutive insertions 
$1.80 per line, minimum 3 lines. To figure advance Not subject to Agency Commission 





Send NEW ADS or inquiries to Classified Advertising Division of NUCLEONICS, P. O. Box 12, New York 36, N. Y. June issue closes May 14th 








ADDRESS BOX NO. REPLIES TO: Box No. 


GENERAL NUCLEAR ENGINEERING CORPORATION Clauied Ade. Dic. ‘of this publication. 
has important contracts for MOS bx ll ae 
the design and development of Gas Cooled Reactors and Boiling Water SAN FRANCISCO 4: 68 Post St 
Reactors and has an immediate need for 
* Reactor Physicists Position Vacant 


* Mechanical Engineers Academic appointment is available as Research 
* . . Collaborator or Assistant Professor to supervise de- 
Reactor Instrumentation Engineers signing, fabricating, and maintaining specialized 


*x H electronic equipment for research in chemistry, 
Reactor Metallurgists physics, and engineering. A properly qualified per- 


* Technical Report Writers son will, if he desires, have the opportunity to 

participate in electronic research or teach. Salary 
A licz . | plaid . : + 1 te | + in range of $7,000. Annual appointment with one 
Applicants must have engineering or scientific degrees and a minimum month vacation. Application or further inquiry 


of two years experience in nuclear energy. Salaries will be commensurate should be made to Dean Virgil W. Adkisson, Re- 
search Coordinator, University of Arkansas, Fay- 


with ability, training, and experience attaviiie. “Adina. 
Send resumes to Position Wanted 
L. C. Furney 
Nuclear Engineer Excellent experience and train- 


General Nuclear Engineering ( orporation ing contact PW-7786, Nucleonics 
Dunedin, Florida 








ENGINEERING MANAGER 


a $15,000 PER YEAR 
SEARCHLIGHT Under the of : Chief Engineer 


direction the 





plans, directs, and controls a group responsi- 

N U [ L E A R SECTION ble for advance technical development of new 
7 products. Should have ten years experience 

fied Adve in the electronic industry. Company client as- 

sumes all employment expenses. Contact in 


PHYSICIST sg : a sogenee: MONARCH PERSONNEL 


28 E. Jackson Bivd. icago 4, Ill. 








OPENING AVAILABLE FOR 
UNDISPLAYED RATE 
a person with M.S. or Ph.D $1.80 a line. Minimum 3 lines. Ph.D. NUCLEAR PHYSICIST 


degree in mathematics, nuclear DISP : : 
sheaiee: with two to four vears’ wanes oh ee Ray pace -~ py aw desir- 
experience in same or related ne Ts able in government and commercial 
field of criticality, nuclear safety ADVERTISING INCH: 3” on one col- laboratories, preferably in radiation 
and/or reactor safety umn, 3 columns—30 inches—to a page. detection systems, Age 30 40. Must 
be capable administrator. To head 
POSITION INCLUDES Physics Department in small, estab- 
lished and growing nuclear firm. 
PRIMARILY ' Salary commensurate with experience, 
substantial stock option available. 
— ye < Address inquiries directly to R. A. 
alety for all calculations in- : : mee Brightsen, President, Nuclear Science 
volving criticality and the in- —_ sol cas gp Bom age 4 bea ay and Engineering Corporation, P. O. 
terpretation of all theoretical bard, Chicago 10, Ill. MI 2-2134. Box 10901, Pittsburgh 36, Pa. 
and experimental criticality data 2 
available ; 


assisting the Chief of Nuclear 
afety in the administration a TERRIFIC BARGAIN in a 


rn ge } | 
and ‘eqpervision of the Nucleat SOLA CONSTANT-VOLTAGE | PROFESSIONAL 
t 











NMasleer Special Service 














Send resume to Ends fluctuating line - 
Employment Supervisor voltage! 


-101 
mee BIG Di SCOUNT OFF.. 
the factory price at a l-input 2,000 VA 
NATIONAL LEAD COMPANY unit! And here's another bonus! This 
dicbecragts ¢2 tary Oa ome bo a Mario M 
° nputs ol cy solat 
of Ohio secondary is constant 115.0 V. + 1 % from no load to ful aro messa 
Sead af 19-2 came Oe. if you choose, use it as a 220:115 V Physi d Enoi : 
Contract Operator, Fernald Project, step-iown_ And slash $07.50 off the factory 1-input price! , — an ae spa. 
AEC Feed Materiais Production Center ow. ft. ee wt. 254 ibs. F.O.B. $147. 50 Consultation on instrumentation, high voltage, 
: Only ” 
P. O. Box 158, Mt. Healthy Station ee ae hol f x-ray, metals, vacuum systems, and magnetic 
EPORE Hote of 50 cydies.) amplifiers. 22 years experience. 317 Grove 


Cincinnati 31, Ohio THE M. R. COMPANY , . 
P. ©. Box 1220-D Beverly Hills, Calif. St., Montclair, N.J. Pligrim 6-5996. 


Safety Department. 
TRANSFORMER 
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EMPLOYMENT OPPORTUNITIES 





furthering 


creative technology at The 


KNOLLS ATOMIC POWE 


To aid KAPL scientists and engineers in design- 
ing the pressurized-water reactor for D1G —the 
world’s first atomic-powered destroyer — a new 
reactor experimental facility has been completed 
at the Laboratory. Called Plastic Mock-Up 
Assembly (PMA) because of its plastic moder- 
ator to simulate water, this equipment permits 
study of various reactor physics characteristics 


without an actual water system. 


PMA (pictured at right) is one example of the 
advanced research tools which are available to 
engineers and scientists at KAPL for solving 
complex problems arising in the design of 


nuclear reactors. 


Included among the other research facilities at 
KAPL are the IBM 704 computer, and a transis- 
torized time analyzer used in the measurement of 
neutron spectra. These facilities are being used 
on several major nuclear projects, including the 


two-reactor propulsion system for Jriton — 


PROFESSIONAL OPPORTUNITIES 


Engineers and scientists with high 
qualifications in the areas listed 
below are invited to inquire about 
openings on study, development, 
and design groups at The Knolls 
Atomic Power Laboratory. Degree 
required; advanced degree and/or 
related experience preferred. 


world’s largest submarine. 


U. S. CITIZENSHIP REQUIRED. 


If you can qualify, 
please send resume including salary requirements to: 
Mr. A. J. Scipione, Dept. 44-MQ POWER PLANT SYSTEMS 
REACTOR SERVICE EQUIPMENT 
se HEAT TRANSFER-FLUID FLOW 
T¢ Knoll Aubomic Pwer aboralory ‘2 STRESS AND THERMAL ANALYSIS 
o OPERATED FORA EC L TECHNICAL WRITING AND EDITING 
THEORETICAL AND EXPERIMENTAL PHYSICS 


GENERAL GQ ELECTRIC fo” mremurans 


ScHENEcTADY, New York 
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EMPLOYMENT OPPORTUNITIES 


PHYSICAL CHEMISTS 
METALLURGISTS 
CHEMICAL ENGINEERS 


Positions are in our process and analytical development 
program aimed at more efficient and more economical 
production of nuclear fuels for the various types of nuclear 


reactors now in operation and under consideration. 


OPENINGS AVAILABLE 


for persons with B.S., M.S., Ph.D. 
degrees. Appropriate or related 
experience may be substituted for 


M.S. or Ph.D. degres 


For prompt and complete 
information, address resume 


woman NATIONAL LEAD COMPANY 


to Employment Supervisor, OF OHIO 
ONTRACT OPERATOR 


a Fernald Atomic Energy Commission Project 





PHYSICIST 


Small electronics and nuclear instru- 
ment manufacturing division of one 
of the country’s most progressive 
corporations needs qualified physicist 
for research, design and development 
work in nuclear instrumentation. 
Must have M.S. degree in physics. 
Experience background in experi- 
mental physics or engineering in 
electro-mechanical instrument field 
desirable. 


New plant location in beautiful sub- 
urban Hyde Park, Cincinnati, Ohio 
Send resumé to: 


CINCINNATI DIVISION 


BENDIX AVIATION CORPORATION 
3130 Wasson Road, Cincinnati 8, Ohio 




















Design and development work in 

Detroit on the Enrico Fermi 

Atomic Power Plant and develop- 

Engineering & Research ment of Fast Breeder Reactors for 
Openings for: use in generation of electric power 
*NUCLEAR FUEL —supported by major Industrial 
METALLURGIST and Utility Companies in fore- 


*NUCLEAR MATERIALS front of pioneering development 
ENGINEER 


*REACTOR PHYSICIST 

*REACTORCONTROL ENGR. 

eSR. REACTOR ENGINEER 

*INSTRUMENT & CONTROL- 
APPLICATION ENGR. for 
complete Atomic Power Plant 

eHEAT TRANSFER & FLUID Write: 
FLOW ANALYST 


*HEAT EXCHANGER Georce A. SoLp 


SPECIALIST 
Z PTICICT ATOMIC POWER DEVELOPMENT 
SR. REACTOR PHYSICIST ASSOCIATES, INC. 
Engineering or Scientific Degree ‘ 
and minimum of two years’ ex- 1911 First Street 
perience in atomic field desirable. Detroit 26, Michigan 


which has attracted world-wide 
interest and contacts. 


Salaries commensurate with abil- 
ity and experience. 


SALES ENGINEERING 
REPRESENTATIVE 


Nuclear representation wanted by 

leading manufacturer in the nu- 

clear tube (alpha, beta, gamma 

and neutron) and special instru- 

mentation fields. Prefer organiza- 

tions or men currently calling on 

users or possible users. Please 

write, stating: 

1. Type of accounts called on. 

2. Territory covered. 

3. Other nuclear lines you repre- 
sent, if any. 

+. Number of men in the field. 


Att: HERBERT KALISMAN, 
Nuclear Sales Manager 


Anton Electronic Laboratories, Inc. 


Subsidiary of 
U. S. Hoffman Machinery Corporation 
1226 Flushing Avenue 
Brooklyn 37, N. Y. 








PHYSICIST 
To head physical Research Branch in 


the selection and application of new 
physical research fields. Ph.D. in physics 
or physical chemistry plus minimum of 
two years experience in physical re- 
search, particularly the area of measure- 
ment of physical indices. Position of- 
fers excellent personal and professional 
growth opportunity with leading na- 
tional food firm in midwest. Your 
reply will be treated confidential. Send 
resume, including salary requirements, to: 
P-7836 Nucleonics 
520 N. Michigan Ave., Chicago 11, Ill. 











a 

If you have been loo! for an Employment 
pe that is skilled 7 ie STATE OF THE 
of Technical Recruitment and RELIA- 
BILITY — opener gl concerning posi- 
- A mmunicate with us at once! 

ALL PO ITIONS FEE. PAID 

eng 44 PERSONNEL SERVICE 

1218 Chestnut Phila. 7, Pe. 
Specialists in A. aa Electronics and Nucleonics 














EMPLOYMENT PROBLEM? 


When you are in need of specialized 
men for specialized jobs, contact 
them through an employment ad in 
this publication. 
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EMPLOYMENT OPPORTUNITIES 





IBM 


NUCLEAR 
PHYSICISTS 


Theoretical Physicists 


SOLID STATE PHYSICIST 


(Advanced degree preferred) 


to investigate basic physical environ- 
ment encountered by advanced 
weapons systems. Must have M.S. interesting Assignment Open with Theoretical Physics Unit 
in Physics and theoretical experience of General Electric’s Aircraft Nuclear Propulsion Dept. 
in: nuclear physics, cosmic radiation, 


THIS ADVANCED STUDY GROUP is looking for a scientist who 
knows how to think about the effect of neutral and charged 
radiation on solids, with emphasis on alloys and ceramics. 

Specific problems at hand have to do with describing the 
: state of disorder or imperfection ,or both, arising from ex- 
to uly Cus Coe Sage oe posure to radiation; also devising methods for computing 
wile the Ce eee the electrical resistivity and mechanical properties charac- 
a circuit diagram. Should be teristic of this state. 


famili ith transf ical : , 
2 = or ae peer Preicppice s These are long range problems and the solid materials 
analysis, nuclear shielding tech- studied are unusual. 


mciiold ‘woddl of @ wocliee cali. Technical Assistance and Advanced Facilities Provided 


Assignment entails: investigating Physicists in this Unit have the advantages of large scale 
analog and digital real-time con- computing equipment available at the site, as well as sup- 
trol systems using high-speed elec- porting programming personnel. 


tronic digital and/or analog com- 
puter; shielding of components Please write in confidence stating salary requirements to: 


from nuclear radiation. Must have Mr. P. W. Christos 
M.S. in Physics and at least two AIRCRAFT NUCLEAR PROPULSION DEPT. 


years’ experience in contro! systems 


cnciis and/or seer shieting | GENERAL @ ELECTRIC 


techniques. 
Div. 44-MQ, P. O. Box 132 Cincinnati 15, Ohio 


astrophysics, magnetic phenomena, 
tropospheric properties. 


704 Programmer Analyst 


niques, and construction of a mathe- 








Advantages of IBM 


A recognized leader in the elec- HOSPITAL PHYSICIST 


tronic computer field . . . advance- 
ment on merit... company-poid required by 


cen gtmaepe th SASK. DEPT. OF PUBLIC HEALTH 
mensurate with ability and ex- for 

perience. ALLAN BLAIR MEMORIAL CLINIC 
SASK. CANCER COMMISSION, REGINA, CAN. 


SALARY: Applicants should state minimum salary that is acceptable. 


REQUIREMENTS: Completion of a four years honours course in physics 
and a graduate degree in physics. Previous experience in hospital physics 
Mr. P. E. Strohm, Dept. 6230 desirable but not essential. 

IBM Corp. DUTIES: To work in collaboration with medical staff in the treatment 
of cancer patients. 

APPARATUS: Conventional x-ray therapy units and cobalt 60 teletherapy 
unit. This latter is suitable for both fixed and rotational therapy. There 
smuadenagenenns, is a fully equipped and active isotope section. 800 mgm. of radium are 
BUSINESS MACHINES in constant use for treatment for surface applications, implantation tech- 
CORPORATION niques and intracavitary techniques. 

BENEFITS: Three weeks holiday and three weeks sick leave annually 
with pay, generous pension plan. 

me ne APPLICATIONS: Forms and further information available at: 

ELECTRIC TYPEWRITERS | 

MILITARY PRODUCTS 4 > sae, 

SPECIAL ENGINEERING PRODUCTS : Public Service Commission, 

quests Legislative Bldg., Regina, Sask., Canada. 


TIME EQUIPMENT Applicants should refer to file No. c/c4737 


Immediate openings at Owego, N. Y. 


WRITE, outlining your qualifications 


and experience, to: 





Owego, New York 
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PREFERRED 


During the past 6 years, the proven performance of the EKCO Model 1079-C Vibrat- 
ing Reed Electrometer has made it preferred by actual users, both here and abroad. 


Low in cost, compact, rugged and easily serviced; its high, full-scale sensitivity and 
inherent stability makes the EKCO Model 1079-C ideal for all applications involving 
small current and voltage measurements. 
DIANE cick cccccss +1 mv, day-to-day. 
SENSITIVITY :s. 0c ccces 0.03 uua full-scale reading @ max. 
RANGES: 0-30, 0-100, 0-300, 0-1000 mv. 
Internal, switch-controlled, 10°, 10%, 10” ohm resistors. 
Operates with 1 ma or 100 mv recorder. 
110/120 or 200/250 v, 40/60 cps, 40 w. 
Only 29 Ibs., complete with cables. 


Write TODAY for data on EKCO’s complete line of nucleonic test equipment 


AMERICAN TRADAIR CORP. 


34-01 30th Street, Long Island City 6, N. Y. * Dept. N5 
U. S. SALES & SERVICE for 
EKCO ELECTRONICS, LTD., Essex, England 





NOW a 
MUST 


for 
MISSILE 
DEVELOPMENT 


* 


NUCLEAR 
RESEARCH 


PROGRAMS | HI-VOLUME 


c AIR SAMPLER 
Wherever accurately samples the air for 


Quick radioactive material, particulate matter, etc. 


Accurate é : 
Identification Hundreds used in Atomic Energy tests, and by Industries 
employing, developing and manufacturing nuclear 
of products . . . Literally “inhales’’ an entire area with 
Airborne unparalleled speed and accuracy . . . Particles as small 
Particulate as 1/100th a micron in diameter have been accurately 
Matter sampled by this unit . . . Portable . . . Designed for 
is Vital indoor and outdoor use . . . Indispensable for series or 

















unit tests. 24V, 110V, @ 
THES faplex 0. 


220 V models available. 
AIR SAMPLER DIVISION 








WwW R iT E V for red ne 
783—5th Ave., Brooklyn 32, N.Y. 
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Davison Nuclear Reactor Materials Plant, Erwin, Tennessee 


NEW. . » DAVISON AT ERWIN 


Makes Uranium and Thorium Metals 
Available In Tonnage! 


Located at Erwin, Tennessee, 
Davison’s new plant is the first of 
its kind constructed by private 
capital. Flexible in equipment and 
staff, this plant can supply whatever 
industry calls for in the way of 
uranium and thorium metals for 
nuclear power. 

The Davison plant offers the only 
completely integrated facility for 
processing concentrates through 
feed materials in the form of com- 
pounds and metals. 


Reduction furnace showing charge of thorium 
being removed in bomb-type retort. 


Vacuum induction melting furnace can make 
1,200 Ib. uranium ingots, designed for alloying 
ond special castings to 3,000 ib. 


Metals and oxides are available 
with any U,;, content desired. Also 
available: UO., U,;O;, ThO, and 
UO,-ThO.. 

Davison at Erwin now stands 
ready to serve the nuclear reactor 
industry. We welcome your inquiries: 


DAVISON 


CHEMICAL COMPANY 
Division of W. R. Grace & Co. 


Erwin, Tennessee ha 


“Wet” area where uranium and thorium mate- 
rials are processed in liquid media. 


Bottom view of 35-ft. high stainless steel, pulse- 
type solvent extraction columns originally 
developed by AEC. 
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NEW ANTON PROCESSES AND 


TECHNIQUES IMPROVE NEUTRON DETECTOR | 


RELIABILITY, RUGGEDNESS AND 
HIGH TEMPERATURE CHARACTERISTICS 


Basic development work for the military and AEC plus years of continuous pro- 
duction of BF, Proportional Counters and Compensated lonization Chambers 
result in the widest variety of commercially available detectors from Anton. 


Electrically Compensated 
lonization Chamber 
Anton Type 807 


Rugged, unitized electrode structure enables 
the chamber to operate in any position, with- 
stand shock and vibration conditions present 
during propulsion reactor operation. 
All-ceramic insulation to permit high temper- 
ature operation impossible to achieve with 
conventional plastic insulators. 
Magnesium-Aluminum alloy electrodes con- 
tained in an all-welded aluminum envelope. 
Electrically compensated...guard ring design. 
Flake-proof B* coated electrodes. 

Longer life and greater electrical stability 
assured by advanced mechanical design that 
permits evacuation and processing at high 
temperatures. 


Operational Data 


1. Operating thermal neutron flux range: 
2.5 x 10° to 2.5 x 10” neutrons/cm*/sec. 


2. Thermal neutron sensitivity: 
4x 10°" amps/unit neutron flux 


3. Gamma sensitivity: 
3 x 10-"* amps/R/hour 


4. HN connectors in circular array for easy connec- 


tion to commercially available HN type cable 
fittings. Mate with Amphenol 82-38 (MIL-UG 59 
A/U or equal) 
. Overall dimensions: 
3-1/8 + 1/16” dia. x 23-3/4 + 1/4” long 
6. Sensitive length: 
14-1/16” approximate 


——. Some Typical ANTON BF3 Detectors 


A wide range of improved neutron proportional 
counters is available with a variety of all-weided 
cathode materials (stainiess steel, aluminum). in 
addition to standard catalog items, sizes can be 
supplied ranging from 1%” dia. x 1” long to 2” dia. 
x 30” long. Minimum wall thickness for Al is 0.010”; 
stainless steel minimum is 0.002”, Connectors can 
be supplied per your specification. 


High temperature operation of Anton neutron detec- 
tors is made possibile by the use of thermally 
matched seal components .. . high temperature 
ceramic insulators . . . unique processing and sea- 
soning . . . restriction to high temperature organic 
moderators where needed. 


Multi-element, high sensitivity counters encased in 
super Dylan moderators can be supplied from produc- 
tion to provide thermal and intermediate neutron 
sensitivity up to 45 counts/neutron/cm*. 


Fills and pressures are available up to 2 atmos- 
pheres. A closely supervised gas purification system 
allows versatile application of spectroscopically pure 
normal (18% B*), depleted (10% B*°) or enriched 
(96% B**) Boron Trifluoride fills. Special zone tem- 
perature controlled muffie furnaces provide the most 
uniform method of Boron coating available to date. 


Uniform, stable characteristics are assured from 


ANTON ELECTRONIC 


tube to tube. High temperature, high vacuum outgas- 


sing techniques are used for all components. The | 


metal to ceramic seals are permanently fused and 
the exhaust tip is concealed. All parts are processed 


by patented methods to make them extremely resis- | 


tant to the corrosive effects of BFs. The insulators 
are precision molded, mechanically rugged and chem- 
ically inert. 

Ruggedness and non-microphonism are assured by 
the incorporation of an Anton developed a 
anode suspension (Pat. Pend.). This maintains the 


wire taut even when the tube is subjected to the | 


severe impact shock and vibration experienced by 


equipment used for propulsion reactor control and | 


monitoring, geological survey, oil well logging and 
similar applications. 

Prompt delivery may be expected! Anton Laboratories 
maintains modern tube filling stations and a com- 
plete chemical laboratory for the production of neu- 
tron detectors and specialized fills. These plus An- 
ton’s machine shop and tube processing facilities 


assure early delivery of stock and special neutron | 


detectors. 


Send for FREE DATA about compensated chambers | 
as well as other neutron counting devices. Investi- | 


gate Anton’s new, low-cost neutron counter price 
schedule. Write DEPT. NTN. 


LABORATORIES, INC 


A subsidiary of United States Hoffman Machinery Corporation 
1226 FLUSHING AVE., BROOKLYN 37, N. Y. 
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Dept. of Public 
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This index is published as a service. 
Every care is taken to make it accurate, 
but NUCLEONICS assumes no responsi- 
bility for errors or omissions. 
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A COMPLETE RADIOACTIVITY ANALYSIS LABORATORY 


THE NEW BAIRD-ATOMIC BASIC RESEARCH LABORATORY 
for SCINTILLATION, PROPORTIONAL, and GEIGER counting 


A new, highly reliable analytical laboratory which offers complete counting facili- 
ties for most research and industrial radioisotope analyses. 


VERSATILE = Performs all types of gas and scintillation counting of alpha, 
beta, gamma, and x-rays with ease and precision. 


COMPLETE = Scaler, amplifier, timer, power supply, and detectors included. 
All component instruments are selected for complete compati- 
bility to deliver maximum performance. 


EXCELLENT REPRODUCIBILITY = In ail three counting methods — pro- 
vides integral spectra with both proportional and scintillation 
counting. 


MODERN DESIGN = The famous B-A “chimney” construction — All re- 
ceptacles located on rear of instrument assembly — Instruments 
removable from front of cabinet. 


SEPARATE SYSTEMS = The B-A Basic Research Laboratory is available 
in individual counting systems when all types of counting sys- 
tems are not required. 

Scintillation Counting 
Proportional Counting 
Geiger Counting 


Complete facilities for all researchers is provided by adding the following acces- 
sories: B-A Count Rate Meter and geiger tube, Beta Sources, Gamma Sources, 
Carrying Case, and the Single Scale Logarithmic Gun type survey meter. 

For complete specifications on the Basic Research Laboratory and other Baird- 
Atomic systems, please request on your Company letterhead our new Atomic 
Systems Catalog A-2. 


Baird-Atomic, Inc. 


33 UNIVERSITY RD., CAMBRIDGE 38, MASS. 





Jrastruamentation fart Refter Wralysis 
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Dynamic light patterns illustrate boron’s shielding quolities. 


Rujationat GRAPHITE WITH BORON 


thermal neutron shielding and control rod applications 


National Carbon Company combines various per- 
centages of boron carbide, a high absorber of 
neutrons, with “‘National’’ Graphite to produce a 
material ideally suited for reactor shielding and 
control rods. 


This material, ‘National’ Graphite with boron 


additions, maintains the excellent structural quali- 
ties of increasing strength with temperature rise, 
no melting point, etc. In addition, it combines the 
moderating characteristics of graphite with the 
absorption characteristics of boron to make an 
ideal thermal neutron shielding material. 


The terms "National" and “Union Carbide" are registered trade-marks of Union Carbide Corporation 


“National” Graphite with boron additions also 
has the qualities necessary for reactor control 
rods; namely, high absorption characteristics for 
thermal neutrons, adequate strength, low mass to 
permit rapid movement, gvod resistance to corro- 
sion, stability under heat and irradiation and satis- 
factory heat transfer. 

Whatever your needs — extreme purity, unique 
shapes and sizes, high or low density, large quanti- 
ties, quick shipment of material — call National 
Carbon Company, the nation’s most experienced 
graphite producer. 

UNION 
CARBIDE 


NATIONAL CARBON COMPANY « Division of Union Carbide Corporation + 30 East 42nd Street, New York 17, N. Y. 
Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. In Canada: Union Carbide Canada Limited, Toronto. 





